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and a message file service, where the message file service
comprises an interface facilitating receiving a message from

L ] L ] - * *
See application file for complete search history. (Continued)
O Tt AT AACE_CALL FERMNATICN, AAll LAl
1 |
..... T —_ :’-‘ l"' ) sEEEETE e esssEEEEEE
_ LA , —_— -
TR o R T Al £5 TAS w Sorvice wepigE SUC-AS L CRI MINOLT
. - . : : r v g
L e i : ; : I .;
! L ---'g::c-:‘}-'—-—- g:,i - A\OP o - . ] -‘
| Z a0 E SDP Hah, . :
! '._E_G_J._'._ R e, Lo : :
1 r r- ' - .
A *{ﬂ'r ---------- S : | j-r:-ir';J; SO0 wf i) .
i L < A - - )
Pl e -':h.—-r'rta— ﬂ' ' A
1 . BRI : g
i r . P ) n
: : | IR VSIS _:E.;E_.‘i'_{.ll'_. A._-h.il-r —.—:a- =
1 P VBT or 200 QK (S0 A, nadie Graiilng zumin port TAERT 417
1 r . . PR
! . : .:'._l\.'\.l\.-'-\.i--‘ﬁ:;-;'-..&"‘;‘I.#."ﬂ-- 1
: S A S AR AR Y
. o N :
1 . ':_. . . 5
1 L n
! . Dz, L SO 1 iz 5
. 1 i i £ - T ----- A + - “""#
stk 131 };r 306 CH] P e, il GERTIDGEA, B0 T 0 ) '_—'I-"{_‘E— - :':"-*- LT m'zﬁ':;:‘
' 1 1 1 _._:_._..-J.. ]
I - ]
‘.
i e et T LI :
iLar \
el
L1]

|
|
1
|
|
1
|
|
1
|
|
+
F
r .
: : L P T 1 R I
4 ! Fl"‘l-.l L W] "1-;'. ; L N -
: TP -':';_':-:-:-:-:;? :
L] L] k-] L] -
y " Ty Il':'l-' ||||| w :' vl .
: Rt b : ~ v 3 3 -
' . 1 L VADACRNTEL rar S00 algwi 0 BT T 2a)de el Tollowad W BT S0P 9 0 O Tt
F 1 T e L [ -
; . ; : ] 0 e e R L LT #‘1.. : e R *..
" : : W0LOK [ For CAE A ', Al ’
: : S e CRRRR RERREE
: : : P !hﬂ.."'fs-_:: oo f!ffE:::: _ l‘: i .
I : 1 P v i ofvert 445 st bt furaCRaELY L 200 SN inr BYEY 426
F . L] ] i |-;.- ....... . ) = N -
: 3 : T D0 UK (A AnSwer, i St iy aures e YL
’ r 1 ¥ |-1_4:t5' ! " R Jk
] = mE e
: | : o : SRR = -
e TR Enscer me A apeimine, agelng par LY .-i——r‘ ------------- :.
: ! 1 XL e
¢ ' 1 - 437
- - o r'ﬂ N b : S EE T N II"', ‘i‘-."' -t = il "
AR SO DN 1 0F re g ee, modia, el a4y ) 1 . 3
r A . -
: T i et ins : :
Ero R, ’;‘;"iﬁl-';_ﬁl-d_ i:'!_a:_“‘-_-_.__ _{i?:d- .:-& LR -.a:';j-. = p L
F ) 1
+ 3 0 Famoeors W Pegnot - 1 '
- L} . 1 .« o .
s s e a2 S e IO O L NN Areer, mend dariphnn, adetie punc XEEE .
.-IA.?J_'-_ ....':'i..-."E____.p_.._.._.. fata L LN BT |. P L ML S R, _‘_.r . '-"-"-'-r-—'!-r'h{

. L
bl W FE
¥ e .



US 10,044,553 B2
Page 2

the originating mobile user equipment to the terminating
mobile user equipment.

27 Claims, 6 Drawing Sheets

(51) Int. CL
HO4W 4/12
HO4W 76/18
HOAW 80/10

U.S. CL
CPC

(52)

(56)

(2009.01)
(2018.01)
(2009.01)

HO4W 76/10 (2018.02); HO4W 76/18
(2018.02); HOAW 80/10 (2013.01)

References Cited

U.S. PATENT DOCUMENTS

2013/0023265 Al*
2014/0161072 AlL*
2015/0295847 Al*
2016/0029228 Al*

2016/0277587 Al*
2017/0181214 AlL*

* cited by examiner

1/2013

6/2014

10/2015

1/2016

9/2016
6/2017

Kim

iiiii

tttttttttttttt

ttttttttttttttttttttttt

iiiiiiiiiiiiiiiiiiii

tttttttttt

tttttttttttttttttttt

HO4AW 76/027

455/423

HO4W 28/16

370/329

HO4L 47/72

370/230

H04W 24/04

370/225

HO4AM 3/2218
HO4AW 76/027



- e
....T..-.I\l_-..-_.-. ._l.l. -_1.._.-. .
.
'

I_.-.._

,”w.___ | _@.w. L e _.m...*_,”...._

US 10,044,553 B2

' . . -
e B e A : . .
Sam ! - l_...lli.r.__.. . 1 ' l..l..ll.-..-..a}fl.-..._ .I.._ i.l_-..l..-..-.1ill. 4.._. __.l.I. .o o .1.I.l_l..._.. r F .
. ._.l.__i._._. . . . 1._._-.. -l.,.._.l1__. ..r..-..-.l._. ...-.l.-..-... LT " e .-....._l.-. L r . . . .
.. « g, B - A ._.._-.._........_..__..._...._..._... lllll » . T .....-...A " a . . .
. L] O W . . w T
e . Rl . LS A . AL M P R R . . . . .
L w M” F . o r L ¥ + - L U . . . .
. Boe s e e e e e e e T e - . ¥ . . & A .
" T n.....i.....i.i.n.n.i.n.n.i.nni.n11111.11.7.-ﬂ|. w1-_"_..'1.. I L L M . P . e
e e e e e e e e e e T ! . b ; . . S [ S TR el ..+l-. - + _m 4. e
|.1.1“1“1“1“1..._..... Tttt .u.”I.... ._..... ” T : . . ..“.u . ._.“ ﬂw‘- . - : ....r.._ '
- P . L .I.-. S o ] e ] LI S . o T il Ly ax
r at . - R i I R e R L ) . P e
.. .__-. . . Lar . a S o . : ) .
3 U wﬁu.: . % S : o ddul
I L _-..... . or 1..... . _..” . . - _-...
. . . . . oA ' - [, e .
T alm " . -"mv.fw - ._..4 " - ¥ .
_...-._-....,-. ....... P .-l ' M r " "1 - [ ..‘.
~ -l. _:..-. - .-..-.h“._-...-.-.-.. P I_-.-. i ” ) r L . 1 __.....-.-.-.-.-I...-v.-._.-...-...__...._. R T . . -.-. e a e e e e e e e e e e e e e e e e e e e e e e e e e e e e
o e T ' i - ) T T T T LT ' ' .“. ._.-..I'I-I'I I_..l_.lq.l-.ln.lq.lxln.l_l_l._-.l.lll____- N e i e W ._..._..._..._. L
L 1“.. Tk a . b “h r l-.
- .- . . e . . N . T T T T T TP 1 ) P Rr e o 'e ‘r e e e - .
” - [ [ R R R l_..-_..-..l_..-_..-.—. . ”u.l._.I-I' '.I..I.q.l.u.l.n.l.q.lu.ln.l ool “ ..-l. 2} . N .w.. “u’ ‘x l“.i.i.ﬂl..urﬂi‘. . l” .
" o ...-._.n. “. s ... I - b g - . ”-. .'.-n' l-“.‘. -.ﬂ.-. '
. r 't ___‘ " e ' _.. . ) e “ .--.l.l..l._-..._.-..,.i..,._.-..,._.-..,.i. '3 “ " P N e 1|1._.....|._..l,_..|._.n e
o ] o .. A v “y - " . ._. : Y - S T o . : AR AR -
” -n. ........................ P N N R E NN L ..__.....l..._.....- .._..__..__..-.I_l..._ a,*" .__.._-..._..__..__..l.l._.ll ” .“. a : : r ... Lt [ ——Y x a'. ! - .“. ) “ .” 1 ” %”
. O . . ..__ g F) ) _.. . .v‘ : T [ & ' ) o “y 1 . I
S . - ..._ ' i . . “y ._. . ; i ._... ) ' v : ' . . 'R
. s p : .4 .mﬂm : m_ .m e . o - ) .n.s.u . v v 1 - <
- T » . . . . . . . ' e e e e e .- ' ) [ N . _ Kl [ . . . . '
. . - " » 4 . . ¥ . - L . . . K . . . L ¥ . . . v x Y ' . . . - F.
- - . . ; hy ' v fﬂ@._ m : ' ! e ' .. * " - .
. ' . . . . - ..__ “a < .. . . ' L .._ .‘ ] : -” -“. ._" Ny -” “a Y 1 - L
. s .-.-1... - e ¥ “ . . . L i 1 X 2 e Luu “a Y ! - - .
. LaemewLL. T NN..._.". ...................... e AR . ” ’ o 3 R R T 3 “y ...::......._...__.1 L
. ..._.ﬂl.... T “.>l... n—. ...... %‘.H“.. I ; . ___ i ._._f & : mn “x “._. : “_._..
h o ] . r . . - [ F | " . . '
4 T Tt Sy !-... I3 o .l.....l.....l....l.....l.....l l l r l r l . ..__. .-._.-...-....-...-...-..._....._...._...__. .._....._..l.l..l...-.. _._. “ [ [ . mg -
li.i._- i..l..__....__....__..-._..l._..l..-.l.__ .__I._.l._.l._ . ot A 4 T . . .. X . .
..-.‘ ........... 4...}! " .l._. LT &r..l-.l-l.tli.r.r....f.r.r.fi.l.iui.r{r{r{ri. . . .
RN + A . . - o ..r..-_..r..-_..-.-.l!l.ll.l._l.._..i.._..._..i..l..l..-..
__..-.. » * A Y L m . a .
- LA LR B R £ "a ) - o S . o
. ] T . L A Y . * . . ow L
. ..l.._.. R -w.m F... * .- " .- . . .
L . . . . * Tl " " . . .-.1. m.l_mm{l“ |m
l._.. “ . . “. ) . i.. " 1!.1 ” +.| . . L
T . - ' . . . . ) P
R " ﬁbj P " . 'S . e .
[ R ! L . i . = . ol -
o “ . . “r " -_-_..-.. ' S0 -
A . . . F [ “a r . ™ P
PETP S T~ | B SRR 3 | 2
MISAAANE [ 4 i ) o - g ...ﬁ........,._.........._ el L X e
.._. v . . x' ..sl ._..... ' --.....-__..q-. Fe " .
= - F L » r . . _..I._. - . r ..l......-_. . - m .- | -, .. Lt
= ..L..._ - .Im.lm.ln.l.-.l.r.l”.lu.l”.l..l”.l..l.l.l.I.II. - ) . . _...Il. ' ] . r LT .Ll.-I .f-_l. v . L_..-.l r . ] .
. : LUt . N r. . r Rl R . P . . . . .
.-_ P r r .ll. P . a .-.l-... l_.-..._.r . ._..u.l.. - - .
f - . ' . . . . ., P K . e o S ' . . - Ilm :
. . ¥ . .h_-.l. . e . - .l1.-_ A N, .I___—..-..-_111 . ‘w . m .. ﬁﬁ.‘. - Plnm
lh ..-.l._. 'l.rl..l..l..l..l..l.l.l.l.‘iv"n' . ' N . ..-..... " . " -or .}.' - . 1l1.|l..11.. ) LT J.i.‘.i.-.. ro. - .’ . .o . ....J.-. . T = . .
a ' ' .. » ' ' . ' .. A Pan W " e e : I._-..T..T.-.-..!.-..TI.I- '
r - .1 n - . .. .. ' - L . 1I_.r._.l.|..-..-_l..._1l.__ ' . T o L . .
. . .- I N r 1 . ] ] . " .1.-...1.... . .. _.._-.._.1| '
ot R r K L L . T . . " - PR ' ' . o T PR . - LR .
LN ' a o R - . ..._...1_ l_-...-.r .
4. ‘1 * r - . ..I.-_-.! ) - .
a'r -4 ll.l.J.. r * . . i wEOT LR ',
. 1 X . . .11.. . N -, . . -_-_. v ...14. r .v.._-I..u '
R — Il T A, ceooe ! Lo . W A e Yo . !__._-..-.1 LT : 1...-.!. . L
L ‘1 .- ........................ K et Y L " . L e o LT e L
. 1 O ' . .-. L ' .1. ............................... P R T P ..r_-.. . ...._I... " e Lo
. uq UQMW . R Kl T N R R P - aAsarEEr - RpRRRR A ' . ow I Ve .
F 1 - . . L3 e I.l.._.l .1.__.|.._.l.._.1.1._.....-.....-..-..-.r.-.]1]1].-.1 L F . . . S e . gr . . . S e e e S e e maaa L o
[ T - - . 1 e F e e .. - - . - ok ] , ' . . .1....-..-. . . ._.lll_l....l..l.l....l.....l.....l....l..l.l.l -.- [l T Rl BBt Rt Bl -t Rt e u.- . -___. L
“ -. 1 . H ..i.l.. q . “ H. . .-: .............. [ T T T T S T T |.|.|..........|.-wa -t T IR BN ¥ F] e . .1.1.. .-
P ; : : _ & T Lo P - : 3 S ; : : " e
. . - . a . Ve - g . T
a - -..r ........... POy .-_..-..l_..-_.l. V! F- et 1 = —irarwaricaie. = F l.. N H 1 . - - 4 A ¥ e
.__- -_.. n.-. d Gﬂ W- ._.. ¢ M . . . .-. _..4 r . ™ . .-.. . ......ﬂ.nlﬂ...- ..... L] . . . L L . 1-..
. . . ' a . - . . i, R . a r ek Bk FFFRFRFEREREFE= X . ok ' : PO 2 T " .
5 1 o ; rE .o " . L i _ . o R 2 AR e , gwim ; 2y
. - . x C e . . " . . - . a4 vﬂ” a j-.v.__.-..-. i s oS . [ " ' “- L - ™) a
by ' % . 1 Hu._,.i ..Mw m}h PO h “nm,m.!_wﬁ_ v . iuhw_.mm i 8 w_.a . . ¢ o s S . oo ' Ay
..... . L3 ..__.l . ”.. 5. M . . . . . . . _-”. S e .r.. o L X ' ”. .
S ! - * ..r 'a A 1 * X ) L . - + - % ¥ 2 r i
DI : : ) .o . 3 r g 3 , T £
a4 . . -k v . Mo ¥ ¥ - - . . aas’ S emaaw. o -
T " H . i \ .. ...“. ill_-_II.I..._..I..I..I.IJ.T..T.ILI.I.. Illlllll_-._-..l._-.._.l.._.l.._.l .1.- ) Lt ..“ .’ e . . .-..-
" . e L - . L T R - ' .
. H .. e e .”. ..-_.- ' LA
1 P A A A ] R e T . .....__. P —— -.._. '
[ . . o .l._.._.._.l......1._1._1..1._.1.._1...1._1._1.r. 1
. ¥ u_ * - ..1 .- - - A . . L
. r M H.F ._... = .- ._... ._--. g l.._.
r o o * 'y ” w. ' LR gt et '
-.” .—_ P . . .--. MF . .-.._l.lﬂiq . ".
[ * - . . _.__. g O
l_._...........-.l_.-_l_.-_.-..-.l..l.-..._..__..... .

o wum

- NYD i s

i"'_
-
R N T T T
S
i
h_k

L I B N
il tI hl tI ‘I 'I'I *I ‘l

&
Rt
.k’.’-
_E.
-8
N
L
s
>
&

e L L B e e L PN N

ﬂ:’ - R
SRR R AR AR A A
St

[ ]
¥
*
a
L]
L
¥
L3 _ 1._.-..
. . . . i L T . ol N o T T I S i PR R A -
Eﬁm#ﬁmwamﬁu H_. lil.-_”.".n_..-il .. .. .......... A ”” ' g
H ! v K; . L
. r r .r.u_.ﬁnuin.\ljﬂ - ' W s . ko mmmow mT L
'] - - r 4 - . . it . a
I-—__l.l.l.l.l.l..-...-...-.l.-_l.l.. r ¥ - ot Lo ) i o .i. - o
B e R r [ LI ' I..r..r..r..-...-_..-_..-..l.l.l._l._-..i..l_-. LA .- . .
1 '. b - .—_. L] .-r H“'Pr“'“l I.- - & |l.. o
” . . . . “ . H. “ . ._.ﬂ1 e a - ” L
. . . [ T - - . -
- - %w‘ Ao - e e e e e ' 1 [ ) T T P T ' .4 amaaasaaaaaa A r maoaoaomoa H " . .J__..-l..r_._.rr.._..r.. 111111111111 " '
* . R 2 . [ R R E L . ..._..._1...1._.1.._1...1._._. ala’e’als - _-. L . Lo e Tt 5 . L . . . - -
- . L e . P A A o * - . L e h “ o . At A A e L e
. - - ) . - . 1 » » o n . . . o '
. [} . » . r S . . . . N ' A . . 4 .o e
2 2 TR ol < ., 2 . S v S L c - K . - . y L )
Y. l” . . -.” ”... .-_ o e © N . . . . R . ' ...v_.. .1-__... l.l.l.I.II.IlIIIII.T - i - .1.._.
o .._.. m . . r . -... . a. ....... 1 C - . . NNP‘ . T - .___.-.. g ..... & £ - 1 . v
- : L Bep e b PR 7.4 N S B T O 4 i b Ty
3 . . . ! i O o [ 1 b T .- . s T Mol ., S - L S . Forrormar e . . T
] Fi ¥ » . ' . . P u [ - 1 . » L. ' - MEW.M 4 .. .
7 . P .- o A ' : wvm N \J _ ' “u . o, w=EAEE p
._” . l...l..l..l..l-.l,...l.....l,...l..l..l..l amw l...-.. - .“ : _..!-_ . * : . 3 “u L .i___ ' ] ..r._.. - _-..,. “ .“ l.- i
; SN ; ; p AR : : A
® \ ey nimg e ¥ R : 1 ._ - ol - . :
. 1 - 1 » 1 ] M e . - .
L Fi » b R N . - . - .......- .a.l.. - l.....l......l.....l.....l......l.....l.. e Tl
1 4 . ) ) . ¥ 'l ' .rr.l.l.l.l..l.l..l.l.l.l..rIIIII.— piEt it Ty T T " a e . a - .‘I '
L “ mﬂ " “ . -_-.”_ ........................ - .__.-.._ J..r-_ - ._.-.1 .
a . g . . . . . . L
'y a ' 1 [ o
— g : . : o o SR T oo
.._“_.. - . n - *u - T I...._I ....... - a = a hom nnnnnnn * ar
e - . n - - M e == = - .._‘. |||||||| ' M l_.ﬂ v L U L . L b . -
a Fl . L . - ™ a . a -~
o - . " ............ h. U - 1 lt._-_..i ., ..-.‘.-.
) - = B 16 . e g L S M : P
- ~ Mr.m.rlw .\ﬂﬁ " r - .r_-...,r - L - s PR v R .-
v . - - - . . n _-- _-_1I_l. DT T s L e o I...._.._-. a l.....-...._.._...-..l.ll.__.l.l..-.lt ..
i-_ 1.-_. . . . . n r‘_ vlll,i...f..l..l.......l-.l-l.l.}lnrl—. . T o e e
- L] L + O T T T e -,
”.. llllillilii._......_....._._...._.__l.__.-._.. ”. ........................................... e e rr FFFEFEFEF [ Foa e e T, e P FrREEREE . e -t . . "
- e e e . o P unonoom a" ) ' . LT T U o o, LoTan T P . . . P I L TR .o .
& . . ' ' . . ] . C e e T . . P i a a e a a2 n n m aa s a A
- - ...-- . S . . . .-_LI-.I .I._I..r...q..r.l.._.._l.l..l.l. -, L . . o e e ar —_u 1111111 [ ] .-. FFEFFEFEEFEEFEFPFrFrP P PP o= 18 1 4w HH”-.”‘..H.I..- ........ S e e e e e e e e
.1..._.. . ..__..‘. I . ..L..-L..-...-...,.I-.r._.._l...l-l.._-..__ e e e L ] .__.I'..I.I"l[..._-..._...l,..-.l . . . BN ] - m..‘} Fd Em
el . . P .. . N . . r . .I..E. . . R .. ' R ™ .. . . . A .o n u
___H. . e — ) ......1.._.!,..-..”.....1 . . ; .-....T.._._......c..,r... -, . ) |.r.-,r.-.._.ti..p.-...th..l__.ii-i--.tb._ .-r...f._...,..}...f.u..
...- - ‘a" Lt . ...I.-.“.-_..- .. . . . r.-. . - A e .l-.._.I...l .- . . 1-l..r '
- . * . . L " . . e . . . . T et . . . . .I.Ll_-..l. .. .
] . o ' R T r g W L M
oA " l- - ._..._. 1 r . - ' ..........._ _..l...._...r.__ P .._. Iul....r. L
r._ rop . wm In.__l . nﬁlm . -..1 - - . . .rr.......
.. e HOOQUNS o o T
-- a*. [ T T T .. Ta a o m
-..- .”- T o P A R .-._.-..__..._.L_..__..._.L_..__.ll.l.l.ll.-.. e mmm e E R R R . ....-..-_ " . . .l.-.l. e e g R e, F P
.”_.. “_..-. . ._.__.._. R RN - ” ......................... " . R -” ' '.-.. ¥ .l.....l.l...l.l.l.l.ll.lllll__.. - . . . . !.I..I.._...__...__..._....__..Il.l_..l_..._...l.lln. . _”_._.... .
u N ! . . e - .4 L) A . - ot » R L L R LR .n.-...__.._._..-..-..v.-.lt.-.l!l.llnlq-u » K SRR
._. o . 1 " e . - .4 I —— L) - o Sorat » . . . . . b |..% : » i e
- - . r N ' o ' - 1 » .._ ' " » " L LTy .. » ] B
'\ ) A TR <4 S ,““_Nw RO e : hmamw 5 3 o
' . odb I I I ] A ltl....... - a e - - ¥ ) . . o .- Sk e . . . ok . . i » . . F
. " r - L Tl s T e r . i“r N N . .. Ly » . - & T . . . § . L » . [ »
¥ . . 4 = i a amaa =mammrcr FF FFFFF - N 1 - . P . & 4 . -__. . a ..___ % 1 - ..
o : T ﬁﬁﬁm o ddS : LoBHUOD 3 12 T S
L . o’ Ve e e e ¥ . ' ' N 1 . . e a ] - " . T . . ) .ﬂ . n . X . . . ] o
. » y Cu G ¢ A . . X . ; L sy : .
. . L A 3 vt Fl ' - - n m L 1 . e . . LI . . v ) vmmu.u{, ] -
. .r....l. . S K ¥ . .l—-l_h”..l__..-u..l.l.__ 1 ' .-_..a...p .— ' N .- ..-..-. . F] . " . 5 . .___ . . ' Bk . 1 .-.-._. '
. L - v p i ; 1 mmu? M __q . L . ! ﬂ\mwm 4L 2R mnﬁm o AAEN . . S : .
.I.-_..l.r..l......l... . ....-_. [ 1 El i e T ¥ “h “a. - ¥ =t Ty . .4 . : .- 1 I T e " 1 i
- 1 » . .. . . ] Loy
R ® - 1 "1 i * . .l.i.”_. Fot ! 1 % - . 1 i 1 “r "
[ B oo e e e e e e T IIRIEIEIEEE . . “ [ W am A R e e W I LI W oe s e e e e e | SRR
' .l.-_.-. e N X " Vi e ke e e ke e ke dor e e Me W W W reresE e _1.__.1...1...1 .1.._.-.........__.-.-__. ..........l. : . .l...-. . .I-.I-.ILI-.I-.I..I..I..I..I.I. ] LI "| ' ERAE R R R AT .1..._...._._...__.-..__._..1_ . LaE :
Ay . . 1 .....f. B e T T e X . . L. L a . .. -..__.
.Jfl.i.f. . LA - ..I.‘ . l l..l' I}. L. A A e AN N N e l”.. llllllllllll |...|.-|.-I.hl.l.-.l.r.l.rl.rL i A ....“. .,.l. “
. .- - . . e T .. i .. .
L, et AL e ) e
e - . Tt ....l!..I___ il
I ..-..-..l ......... .“...l”t-.ﬁ.l - . - "_.._-_ ...-..TWTU..-_.H...I ..r l...,. - - e e . Coa .|”.u..-...I. )

'
...-...r
e : e T P e e a T
l.l...l..._.-.l_.r.r.rll..r.r.-.ll..._.-.__l.-.__l.i ) : :

I.-_ .-....I-.II..T.I...
i ._.itll.l.l.l.l._-_.-..l.l.l.l.l.lltl.ll.fl.._. .

U.S. Patent



US 10,044,553 B2

..ﬂ‘ e snrrcoe ...f..“...*---._..q...,.w.;m.*..*_m_ﬂ*_”*_”._”..”. Pe .* ..... Ry ¥ iy .uwm.............*..a.,.._..”....m.*_h_:......,.... e W

. | mm_” ALV MMN }ﬂ, T e RO AT r IR A .,,..,.....m_,w”..”..,...,._..m_». ...... ECCCRERERE S

IR oty .. st -.-...m..m- v e 1.¢.*.._..m..,,.+_ ,_.m.m._‘”.”“.w”?_,m?nr.._ﬁ. s S SR S L RV : g7

; o LED | pueuis ] 1SOEbSY LGV dis i e B G m

. 5 . ! o S Koo ..«.;..._.“...w.h..“..“..........._..:+}:........u T T A T T T R N A s s T T T, e .,; ¥

m m....,.i...x.“.....t.-.-.-..:.................:“.H.ifl:::_I...,.,:.,., e e liuw__. | ﬁ@uﬁ.&ﬁ.ﬁﬁ.ﬁ uw@ﬁﬁmm mﬁd__ 15 ﬂ MN

mw-..,tt--:.:at .:::.w e :::..-..._,r.._._h.?............._.._u"m- ..................._.mm.._..nv....,,..,. sl e ﬁ: .w»m.N ma_.m..u.zww,u ﬁﬁw uﬁﬁ_ QGN &mm |

mmm . oY hE wx,u 007 s : m _m_m

c& AR *---1::-._ e g o e 0 .p 7. “ |

o mmm ..... swuuzﬁu e wm Nﬂ.N m“._»»_._.__...._l........._."._.”.,.T_:.".".”..._..”.”.“.u_.“-”._._.“...L_I-:_.....,_..q.q._*...,ww...,}ittb.}i......,.4..."..".,.._..1““ _ : : x
m m m mm m . m. AWHEJ&.HM& mwv WMM w : .nm...._.....-rr Sttty Ayt .._.._.._.mT...T...T"-tl.-.t._..__..__.._...__.,..t.t...t...........”;..m .

F T ———— 0r7

: ;o g7y “m_ _@mﬁ m TN m.u 83 VRO 00T dIS

._ﬁ“. PSP sﬁ — a& ______________________ sesssasen - ._;_,._,.,.,.._,_..._._,..».._*_.._ _m,_.__.._.,_.,__

st R LS s a

i e .w“_"mu."a"..“ ".. m_._”wu ”"""wwwm : 3 : 3 " " ...............,.E:....I.:I.:.-...ﬁ”._._....a.a... ...................W.._m............._...p..p.p.r.r»rt_....t..”fm.:.-r.-......n_....._.......,.. ........::.,..{.@nm

= - | ; T T "
fm i : mmmmmw.m..".m RN ; : : : {g3 U0d BEnE G _E% 2Lt .E&E S wﬂ..“mpﬁ 0y rﬁﬁ.ﬂ. .mz. %.,, E
3 . “""“"""”""""""""""""ww""".""mmﬂ""”"" s | T v e ¢ e 3 : :

; e Y e e ;- g : ‘ ' Mw 2 __“ o

| 3 “"”“”"""""”"""wwm"mmm.wmm .m.mmmmm. m w,” ; .H”...,{,._;..:ddﬁmmw..........:..“..,.,.i},.,.,.,.,..}.{.{...,.,-,-,-_,.,..m.“...“..............“.“-“-ww.r.r.._t.t. : _m”
- ; e R e ; ; _uﬁ.....:.,..}i.m..w.mw..ﬂ.._ Lol e _ﬁ,.;:m LSRR RDaW E_Tﬁﬁ 4115 Jena m.n“ W] UOISEES LB m.
2 (R 1 T 2 4 | ¥ R

5 : M : e IS _m : : :
T ¥ .w M * N “.N S Pk 4 N 0 Ty 3 5

h g R 3 .w&.w.LH.Ii.iT.t..,...,w.!m. S ' g’ o :
T2 Gy [ BN SRR 1.3 : :
PR ettt el tiaie st e P QLT ¥ ¥ ¥ : : E

ER {aDAED D7 m.ﬁr.w.  ZO0E SENEinsE vy Eﬁﬁﬁﬁ B {5 o0 oene ..._,.h wﬁﬂ. _.mﬁ ieo :,._Rﬂ,%. nﬁv wﬁmhmﬂg a z&nm..vvw mmw .nm_mm 3 :

SO T * | 5 C k: E : 3

1o oo ”m_ 1 : : : : x : i

i G i) E: wm — w | m : : E 3 wm

E (AT I8t ..u.u eyt 1 : § : ; 3 g 3

m mmm..ﬁ}?.,}r{.....,.. ......... Tl-rmwm .......... ....w.w..ww.._.m..mf.n!nt...,.,-.t.. x@\w M.m m _ m . m W m m
L 1 p oy ; pod dpne ‘uendinesp pinsul CIemsuy s “m.._ﬁ .&Lg& uf g%ﬂw”.w £R0 i 5 | E
& .ﬂ-fffrffi.,.,........ﬁ..ﬁ., ”....-.-.-}..,._._._.“._._.._..u_....“..._L..m_._*xr_.._...” .&.r:r.hh.i..., 3¢ e . _ " “ ”
7 " L _m_ L Wr w.,uw« ...... v Mﬂw H‘N m m_ “ ”“ m
o B : ¢ N _wm_ : 3 4 3
=0 m . i } : E :
) m.m _m“ . siminriwmeir, m&..........U..U.U.ﬂ.ﬂ.ﬂ.ﬂ.“.._...........:........ 3 7

A £ : 2 £ 7R ....h....”“ .hﬁwm : : E 3 v
3 : A 7/ ; _m :

mm .ﬁ.,.{ s o i e .. ...... i .f.,.fw:f, A ...._._

: m ; H : Goe qusiassaars 4 SOT : 3 $

[ £

m&..:.:: ..Itt...ﬁ .,.a.i..,....i...r........_....;.rt_..._.r.,............:::w.:,.iﬁ,.ﬁw

: : X3 4 : 0 1 ey aas s 9 ve

% : : + : g : kS 3 :

5 : X ¢ | _. Y E { ZLT0/ TOW

{311oadw DiDd 43534 SY-03% 3535 5YL SY.L 4352671 4750

) .-”
a
Bo- T T T T T e T T s T e L T T L s . .__n
. - L W R N L e N NI RS TR T S I
Y |1 . R R R T St L e .l.l'!—l_l.!_lqu!l......_....._ll..-.l.l._._.l_-_._._.......__..._.........__.lllll.t..._....-_.._....-_.._!I-lll_..l__._......_.._....i '
..... -
. . . . o . T T B S T B T S T R R T 1 T T T
L T T T T T T T S T e T ' l.l.?.
.._ l....l.:.l.ll.' - _l.l.l.l.lll..-..-_.-_IIIl.l.l.lllll}l*.{.{.**.{."'i.-_.-..-_.-_.-_l_.-..-.l.ll.l.ll_l_-... ot Gt .l..._- .-....-....-..__.-..-1l..-...—-.-...I...-_r.-.'.-__..-_...-...l.-._l.tl.-..l._l.I-..l.l.l.l..l..l..l..l..lll.-_lllllll_l_l_l_...l_...l....l....l....l....l....l_...lllllIl_l_-._-._-._-. ._ bl Tl b —_ —_ .-_

3GIS NOLLYNIWH A . 201 NOILYNIDIYO

U.S. Patent



US 10,044,553 B2

Sheet 3 of 6

Aug. 7,2018

U.S. Patent

€ ‘Ol

b

. .- . . ._ .
. . p . s . Ly . " e x
3 v T ] .. -._ L Ao ' x .
N a ..__. -4 o M u L Yyl e ﬁh . -
. o T e T T T T TR N oy i .ll.....-rI-.|I AL A PR N W m e w g mmm m ma I-.-..!.t.._.r._.ii1!.!............_.11|1.-. ? & ]
“l.l1l..l...l...1..._...._..._.......-.._-...l..-..l.l.l..........I......I.l...-.nl..l.l....I1.-_1.r...r..r.._...r..r.l..-_..-_..-...-. .r.l...__..—..-.l.I.I.I_._- l_,.I.. ._.-..1._ ._..l Ii.- .- a i, .-..-!.-1.-1...1 -.j.-.l.l.-...!u.l..l.-.lq.l..l N R N N l.l.l..l.t.?.t.......l.l-!.lu...l.l..l..l...1-11.._..-..-. !.Il.l ! w 1}1!1-.!.,..-. [..,.__._...._. u.lu......-.:.__.l,.__....__ - et - u.I- rer R R I ...' A T . . PR ..-“ e .“..
- ] | ] | ] L] ] i’
1] ﬁ .4 - | - . - A
L) . ] L] | | ] L] L ] 1
" . {348 404 IHG 007 4is _ ; ._ . : : :
K L] . ‘a Ly ‘ " » v ) i
] . 1 e o “_._. u - . .-_. L
’ v - B e e, S T P O A T O L o L SRSt e ;e 1
[ ] ; .-.I-.I...-.I.I.! l....-.il.-.l-!..l ._...-i._.i.__.f...{._- Ili:ilfliail{l{.lllili-flil{a{d.{l{{llllflf}..- .“_ _“.._-”.__...-.1.-..l.l.-l.-...w_.l”.__.“.l”.__.”.._.n.l_“..l.”.._...-....-..I..l..l.lﬂ.....l. ...... “. IIIIII A A ad ke e I.Il.l.?...t...-.q.-...-....-.l‘.ll__..il 1.l.l._1_1_1__..__..l._.-.__l L L ] .._l__,.1I....__..l..___...-.........rl-.l.-.vl-...'r__..._-. o= .__...__:....-...._ A T L l. IIIII - ...-. - - - ll-. .'. -
“" " [ | L] 1. L ] 1
L T T T T T ‘. ................. [ 3 - . wb"m &“ﬁ. - m m m . e -
- . . - * L] | L] ] 1
- P Kl . . - . L. -
............... a T * L] ] L] L) 1
&.I.I_i“i_i“l_l.i .l_ & & & ' [ ' [ L N I. .l..l.,.l.al.,.l..,.l.,.l.,.l..,.l..al.,.l.,.l.,.l.,.l.,.l.,.l. l..I.l.l [ e e ] ﬁ e .-. .-_ l.l.l.l.l.l.l.l.l.l.i.l lu_.lu_.lp.l..i ' .._.1.-..-. .1.._1.__.1.-.-..-.-l e o 4 1'. . . -_. ..‘ -
“. ................ -“ I T R I i . H . . P . . “4 . ‘. H-. ‘ . -_“ “. .
- L] i ! - . ..q. 1 » ' : L) x,
: : " ; E R . ' : ‘ 3 ' v 2
3 i . s i) by - , . .v. i o .
. i 1 1 R i ) " ; ' " 'R 'n "
.._- 1“ - ” - r N..- 1.” . . ". 4 .i.._.. - ..-. ..”-.
. e - ) L - r " ...._.. . .- ..... 1- '
“ i |- . . . : . s . L .... ﬂ-_ RO .I .I
Fi e . : ! ' . Il 'S - ..T..r.r.r.r.r.-..-..-.!lllllllii L wln %’v
” -_“ ' l” o, . ) |t .”.r_ﬁ I..l.l.l.l..l..l..l..l..l..:l.._l.._l.._lr u__.- .lu_ LT N -ttt ...1!.._"' L] ”._.. Lttty M «““ & I&M \“ M-q“rh mﬂﬂm -
i 4 A - e » 1 o + ) i
. i S L} P s “ * s *, ) 1
a4 - P ™ ] * 'n 1
- i - ..__I.l..|1.|1.|1.|1.|1.|_...|_....r.._1..r...1..r...-1 - .-_..-_ - l.l.l.l.f . R, - ._. .................. I I TN TSNS -
- i . P AR e . . i . M d - m..l..l..t..l_..l..-...l_..-_.l..l.. I..l. l.,.l..,.l...,.l.....l. ...... - .i...,.l....l. l..l.l - l - Illl_-. Illlilll..ll{.lil.rl.'l.-l.'l.' e
” .._“ s ”.._. . E * . . ”.. K o .. ............. ..--“ .
: : _._ | : : . P R ] &mm y
" un . ”- .“iaﬁl I.I_I._.I.__.I'.Iw.lw.l .I..l-.lelil_r.ltlf.l._..l:l .., .l LT EEREEE LA ..__.l......_....r......_...i..._.._-.i.i.._-..l.”.-.-.. e 0 . “. . “L "
. - S T T T T v dey L LT T L L T e Y I e i - o -
. X . S . u._mdm.% .* TN TINETRR e ¢ A, 1
- “..._. ¥ L . ) ”.—. - l.....l.....l.....l.....l....l...l... ...l...l..l...l.-l.._-..._-.i.-..-.vl.vl.'l.'l.'l._ lr? H. ' “L " .
” .._”. 1" . . . O . P T TR . “. ' ..... ” .-“ - .
r L "y ..-.. Lo . . l..“ ............... e 5oL, C e e e [ -
- L “u &‘ii—. - l._l...l...l....ll_.-.l_.-...__.-.l. gy ql.1l1lu.l.-&l.1l.l.l.l..l..l..l [FOR U AR S S B g W R .-_..-...!.'Iql "E R R R R R R R T R P P P ....1........-.....-.....-!!..1.-....1..!-.-_-.-.-!-.-_-.-. .-_-._-__. [l el el il "
- ) " y dr = . ' S
i W g m_ ﬁm.w i @ .v“ waﬂ_ m mm X
- ] -
r 1
H 4 .1" 1 )
‘ * 2 2
..". . A
- ] -
. r 1
r ] - .
i .
) - ..
& -t g
s Z :
& -t
3 )

R _F R R R R R R R

L P R P )

-|-~-|- o oa'e e e e e e e e e e T T T T T T M oy T R o M T ey
e e e e e e e e e e e e e e e ke ke e e B

a.;-.hl.hl.‘_&‘-..h‘a..lkLlL.L.lll.l.l J. l. J. J. l‘-l.

1-_4_4 EIE I B N S R I T O O B )

e

5

L ] "'
wreee

L N TS PR P M )

B B L

.
-I:I:I:-"
._:_-._
5
A
i

I-

o

L]

I:'
ey
L EREN

1

[ ]

1

[ ]

[ ]

1

[ ]

[ ]

.-
b

b

. C

NP l e e v I? _. u_iu__.-u_iu_ Y .._1.- .-_.__.-_ ol . 1 . ...... R g LR i..l...-..l.l..l.,.”.‘.l.,l..,l..al.g. Fat ettt “l...i...l.“l. - l.,l..l..l..l..lll.l”?
[l ol Bl Bk el . - vﬂwﬂ ’ L T T . . S .
. - 1

ﬁmm Ty 3 )

P omor s s x w s a e s ma moa moa moa mos omeom o= o= Ao om ow n oo
*’bi-'i--i--i-i-i-i-i-i-i-i-i-i-i-i-l-i-i-i-i-i-i-i-i-i-l-i-i-i-i-i-l-l-l-l-l-

Bl el il e i T e T i e

R . B S T
+ g : (g 1 i .Em:ﬁ éaﬂnrwﬁ;m_u SIS S FE_. 405 YHO 0T oiS F
_. .-m”n""mmmm” ._unm m m..ﬁ AR S _.:.._..:.._.;_..,_..,_..}.,_.._“.” ; ._" m
: &i.!:!. ..... mm, m\m 3 3 13 Q& CHpOTE zmma vuwmﬁ “m%,wE EE&& nﬁm Eﬁ_mum Al mm
; : A g R w ; mm : 1 :
et a fmf
R w_i.i.iiiii_ﬁﬁ% mwm m ﬁﬁmm &ﬁrm “z&mmrﬁwmv m Ciomsuy m m EO Q@.m :m ; »
b (JeMepay ﬁnmcn Noaw 3 Ea.a...mm ﬁﬁ Lm%m%ﬁ | Be E 3 3 - 3
A . : 3 : 1 § 3 : 1 2
S _m& SV 5 : mm, : 3 ; : ¢
PoE : T r 28 : 8 % : 1 | :
) M mhﬂﬁn va....uﬂ_u ”ﬁ?ﬁmu_n..ﬂw..u& ﬂ.ﬁ 4§@Eﬂwa 3 : g v B - < L .
. ﬂ.?#gisgasg_iis;&i.i{i\sg.__._..._E.E-m : x ““” ”“__” "“” .a.u. . b
LS UUIOE. JEURUTORURRS B ; ”m“ 3 ¥ ¥ : : 3
e _: Y s OENE ‘uondunsap BpaLE MY Jas Em 00T diS 3 ; 3 ; :
ﬁmiiiiit-tté ..,..._.._.....,..,..E e
; ; bl EN E % : ¥ : : 1 i
: taie i n i T e : 3 3 : +
" ..n.wﬂ 4 .n__mw wpw.___.m}ﬂw nﬂ_w 2 o v )
N e | mmmuN 7 ¥ g 3 : i
g : i B e ennat e el ALL AL LR L L mmm 3 : 2 ¥
; : : : SETEIE S - . S : ; : : ;
g ; & 0 SRRy Y g ; H 3 v
4 ”m o : @QN "m o i ; 55
M : 07 SRERRRRNNREREERREE RS e e A b by e m
3 : 3 : (aye mmmwmw.ﬁ Hals A _m 3 82
.“. ..“ St “ .”. ¥ ._-t.l..t.t..r.....t..r.t....l..._li#lllllll.l.?ﬂ._. 1 _..“. “
3 £} : ; ; i {2 ] m_ ks 3
; CRa LR b L L ,L,_..,_..........-............m ............ J A ..v.:{,.,.,..,..u.,.f.&mww.ﬁjj....;...... O LR ..._w._
| w m. mmm | mm m_m o W
4 > " : ! < o

» , 2
A8 d mﬂ.uuw.m 4058 SV mﬂ‘sm.. mUmU mm A e A d m ERRL _} \“@ﬁ“

.
.
-.

m_.mig MW Jud

. Lok e e e - .-..-_.-_.-..-_.-_.-..._..-..l.._..._..llui..l.._..._..ll.ll.l.l.l.l.l.l.l.r.-.l_.-_.-.l_.-_ll.l.l..l.l..ll
; . -...-_.....-.....l.Illl_l._.._..rIIII..r.._...r..T..T..r.T.rlu.P.P.!.P.P.!..-.I_l!lllllrlulrlr{r(ri*};{l.ﬂi%{i r [ .

l-.--l

1‘-
................................... F-.

ﬁﬁwmﬁxﬁmﬁ%ﬁ%ﬁ ) PO STYH MOLLYNIDING



US 10,044,553 B2

Sheet 4 of 6

Aug. 7,2018

U.S. Patent

. v . _,... _, o) “ “ “__.

: : SRR : mm S o

2 1 3 b ._“w . e h,. i ,..:.4”1 e e, ;. T e e T ............... ..‘.1.-.-”*;“.“.”-“,w..L”.”w_*..ww_._..._J.w._,.,4.4_.,,.,..{ BT SR LR I.m.... . .,mm..

M ””wﬁﬂn ﬁnﬁ um_.mu«wm Eﬁmﬁﬂuﬂ% 2Pt h@%}mﬂﬂ ﬂ....mm w ,mmu 007 .Mwﬂ_r,t;::.....“.“.m“n.%_.:..w:......:.:.:.:..:..:.:..,..W
¥ : . 4 S RUBBIRER. L K L Y

| L esundsey Wy uNswR $LH

: ; : m i i PLEE wﬁmw oo, QLY R mwmﬁ HHRRHIR

w&::::titwﬂﬂi.-

; 2 “ ; 0 EE : i L RERY . i

| mm m“m “ : o G VR APIE ORADOR BEOL NI, 45 ) HO 00T

» ‘ ; T T e AT )

: mm .wmww_...m._..w_.,.._..._...*w...ﬁ...pt. - {7AYT ﬁﬂa ..Mnﬁ ,_w..wa.ﬂ.vu.ﬁ.uu.x : ..w.:?w. L.m‘.ﬁ 1 &MMW“. WO OQY IS

I - : T . o e a e

e S SR AR m Be ot AU : : o : 1

: ﬂm“.., _&m .E%. Euﬂ h.,m...% K Gk : i P : 2

mm E (7 pod opne _m,_a_",_m.ﬁ_.,w_" 552l MR LRSIy a5 MO 807 n&_. 1 ; 3 i

1 * e bbb ..ﬁ_q. 1 nrersemse e o i

fazy G E Rac m% ) _E WNYIST TR i (Gl Mo A5 JXLIANS diS ; !

; $ 3 Tioio g JBLIARL SIS VTV : :

HW.,.,.,..q.-_-_._.,.h.,......._-.-"-. ipmym e M_._. R R T N ..,..n. ”.,- ..._.....__..__..._.n:__.__.__.__.uu__._.:_.n._.um_.:.__._.._.:.._._.._:.-._._......:_:..:. L LR _..!.m.._ T e e ?um “.” m m m___h

: Eey o - Mm,.mu. & *.”%,_.ﬂ“.(.. Hua m_ﬁ.w.wﬂw‘ o w h

Hm : .L I un..__.........qr,.u.-“..._.r.|.u.r..._..._...__.._.r.r.|..|...__...l.l.l..l..u.....u..u.lmu..#r-m.-.._,.._..».._,.r.r.._,.._,...,..,.u.u.._..._,..,._,._,n||...-|uun...._.._.u|ll..4._..|.-.|.|..__.._..|.n.|.|.._..._...__.r.r.r..l.._..._,.h ......... ' |.|.|.|.._...__.._..|.|.|.._.”m.. . M m m .”__.M

m..m”....“..,w GO Gt ...,._E...im. TGS umm.p.qu. 344 ROV L Y0 {$81 1S Ul SBaSRy 400G 104 mpmw‘.nwﬂ_.f%u. N.wm..uw...,“”__.__“..._.”_”._.”.”.”.”.“.“ 5 2

: S g 3 1 B 3 3 i

m : LEP : m i ."."."."..,,"..".".“"”...".”.n.".".".“."."..."."""".._ 3 | : : :

ﬁ.,._.:::---:- ;

m : i¥ R | : :

: 3 ' Py sl H. _m v v 3 i

: RO i G : g R S ; i

: wsd,.w.. ......... ..1...“.“.11_.m.m.”..._._._._._._._.”......“........--.-.:..*...JIT.”. £ m“ .ru__u& 3..%&.% “E.m,wr.mwﬁﬂ m,.“__ m EJE .umw?m.“.ﬂ.ﬂ. A5 O GOY S0 R 315 ) g

: ﬁaasasﬁﬁ.ﬁﬁﬂ.ﬁﬁ.ﬁﬁ S e 2 i $ ! T : 1

LR (oAl o) EAMET TA0E el vy %FE m : § : i % : :

S ) e ; : ] e g ¥ L ; i

N e e e “wm 2 : - } 3 X : “

;R M g : : : 3 m 2 :

B o .ﬁ%ﬁ;mwﬁ R ,.whﬁ.ﬁ?& _.m : ? : . 3 r 3 2. S

: wiﬁ%iiﬁi?%iﬁﬁﬁii%ﬁdﬁff. = : : “._ g X i v g 4

e e .._”.“”. Srstsesttenent nrony - : : 3 ] 3

T o 5 piod w2 Eﬁﬁ% B LY. JUS) ,ﬁ 007 4¢ 5 % : ; M

.ﬁ..::::. .&.,. pmiermimge: ._...:...::I

i g W A : i ] i : ; :

g ) 5oL mm_ i s B :

E : i e e sttt sl e i e o 3 e : ! :

: G wwm m ApE ; : 4 :

:  eye gos B I _“ e S : m“ ; 3 :

: Am._ﬂ. RERR _-.-_..-_._.”._._.”._.”“.“...._.”. AR ....._-_-.-w-.-.-...-.ﬂ......J....J.....«...”.rwm.m.mm.w :

m : : 1 b qas i as | SO0 : : :

m m " - :...........................,..{...,.u.ium.”;;;iI.;.,..,.r.,....-.-WMMWM_..II.m

mmﬂ " 4TI Cy umwm. 435075 mum} 1254 ﬂ

PV TSIH TROLLYNIWEZE

a.III.-.IllllllllllIllill.l....l._..l.._.lu_.l.........i....l...l...-.....-...__..-.__....-...

b e el
- - .
r

TV IH HOL %@%

I.q I.ql.ql.q I.ql.q

I RA RS REERNEEEEE L L LR Al L R R L L N RNl N R R R R R R R I I Y




US 10,044,553 B2

Sheet 5 of 6

Aug. 7,2018

U.S. Patent

ﬂ

+ mm_._____wm”mmmuﬂ_w e mm T .u. conmscegared
m 3 2 + S S R . 1 EARE > L o mm?
: : s : 1 .w reoed tnﬁ aﬁﬁm Emﬁar_u .ﬁ ﬁ%&: .“.EE%W ST v wﬁ @m :“.w :._._..._._.".".".".q...r.umﬂm._...x.”w._.”.”.”,,..,_..x.”.m._._.:_..._._..._.,._. g
: - T ) - > i i y . = S e
. by : ' e i X ¥ o R R C R kA s L >
: ;. B 2 B i : : axuodsay; ﬁ.ﬁ._ iMEEG m m. “_ :
: . N 3 i »; v : T e L g
: “.. 3 : 3 E 1 T FEL w.”." RS &m..,. 5 ;.u.w,w..f xa..:EmEmﬁ ;
: 1 33 . I3 : b T B it o | ;
w w. w m MW..................Ip!rh...,.L.l..mm...rr..................:....:.i.!..rwwm...................w............................:..:..prmm.‘wmw.i...wwtmm ﬁmﬁwwm. ..ﬂun“. ...u....q.m..?. ,m_nmurwﬁ,m‘_ hwﬁwfﬂnw &mww .u..mhw @@N nwmm.
: : i + R LS g i : g “ =
: ‘ I ] mﬁ.:ﬁ, ___________ i ” m ryie : w ' i 3
m m. m m “W _WH::,.. +....:;“.u;;.....................nnunwjm mM.;am_. J__un.‘x.m ..“_..- ".E.mu. munﬁwﬂ ﬁmm._u.u _-b. ".n. . _"_.N.. Lﬁvmﬂnhmhwu\ | W.,..-"......w V_“-..w @Gﬂ ﬁmm..m. m m
i : + coggh o : b o &
: % 45 aixﬁ vEs : S 7t ”mmm : : : b ;
w ;wﬁ ed oipne mu%m“%,w,_._e_.ﬁ_ﬁmﬁwﬁ ______ E.nﬁgﬂ WO QUT di :
_m“r-,r-.. . ..-..-.. el e, ....-.-w..-.-.-.- |..-..u.-._...__.r..._...._....._..__..__.._......._..._..tt._. . - . m m ...... “,...,...;.: -..-.W-. "q m w m m m
676 {3A% 403 VED 002 0 :uuzquxﬁ_whm?&m : %wm.?% 53 LIAN dl : i ! 5 k
*t i LIS O TS “EEH%M 35 WMm m
A" 3 wuﬂzﬁ.u LR BVs) @@w 1 5 ; i : < 3 E:
e ..iffr;fiffrirrxm‘hm :
LR 0T gie U BRI 4as 01 13AR R paMonol MOV 4 G AgRL giS U L nﬁ,"ﬁﬂ BRI I SR : g
i : 3 : .m R : 3 3 g :
: 2 - B : g .."""""..""wm""...".".". i .". mm ¢ s 2 g E
m : 3 Y pESIA>Y > 3 E
m : : POASY (G : ”m 1 : :
: . A e e e e b e el e A e ¥ " . g5 :
: . .“_:.:...-.4-”.--.::11::::::.ﬁ@. ¥ . : g .u
: : : I mm 3 : : : i :
1 i RSSO S : : 8
D g st K i ST L P oy 45 .M : ; |
: M { Boaep o) iﬁm Zane h..a.ﬁ%v vy %Eﬂm : § 4 : : : :
3 :
:d o i ﬁ ________ : R ; H b 3 R : :
; w ﬁ.n__u.E_. ﬁ....?.wv.,ﬁ. .ww...ﬂ._._n.m i ﬁ;ﬂ. .._.r.,.“w.ﬂ .ﬂ.: m |
T : : ; : :
w s mpans 58 :_ﬁ SISV G002 40 €81 mﬂmm : : : : : :
....... 23
: + Wy | mnwmmmm H t : i : : 3 g
E : DS fevegegrpennn ot i : E : 5 ; i
ﬁt@wﬁttt- ..+++....”...”..._......_...._.......”.”.m.m_._.:::..................a“
: . e N o A E : : : i
: 5 1IR30 dQLSLTARY iS 3 St APAAREEE B 3 5 3 :
. al o . m@ﬁwN ”” 2 v
” " ”m m m.ﬁg - .......“.I._.“._.H._.....H._,.mmm.”,..,..m..._...:::::::r:::.__.....”..._.._.4_........_.._..,_.._..,..,.._..,.... .___....J PR .....,......,.1..._...1_.,._._4_4.4.-.-.4%. m ” “
: ; ; : g dos Vhaie s 1 BOC i :
: : : ; + “ : T < A L S :
: . 4 . g : E AL At b s e R e T e T
: : ; s ; “ m : ” wnr 5 SO TANN:
. ) . _ . - . p .._i.. . __T.w... . wa PN L L S, PR TR N m ﬂwi Mﬁu.&.n WM mﬂ%
.ui 1A I 43507 sy-aas 40808 BB 30 S0 S¥L 2537641 38y 40

AT TARALE 7 L -
. a '
. hi.-.ll.l.‘ -.hl.ﬂl.-_f!ir e . l‘. .1-
R R e e e e . . P -
“.-. l-..l.l.l.-_..-..-_.-_I.-_I.I.I_l.l_l._.._.-_.._.._.-_..........-........r..r.._l.l...q..r...l...q...q...l...llllllqlqlllq...q..-:.l..-?.-...-_l.—..-..-_.-_.-.l_.-_ll_I_I.Ill...l|l|l|l|l|l|l|I...l...l...l... )
a  mrEeEER R T A E AT S T T T T T T T T T T T T T T T
.......... . ¥ - - . . |
.l.-l_-.-_-.-.-l_-.-_.-_.-_.-_.-..-_.l..l..l..l.-l.l.l.__..._..._..._..-_..._..l..l..__.l.l..i..l..i..i..l..._...i..lrj....l..ll.._..._..-_..._..Il..r.l..r..r.l.l.l.l.l..-_.-.l_lIlI.Illllll‘li‘ififi‘}}Ty‘f;l}l;‘f ' .

VISV NOLLYNIWNIL

1773 TH NOLLYMIDRO



US 10,044,553 B2

Sheet 6 of 6

Aug. 7,2018

U.S. Patent

LI T T T fe e e P e s - - P P A
e T U TR TR TH ¥ - -

L e i e

................................_......_......_...._.. L LN

T T T I T T T I Y I T T I N N A ML A A a4

o B LY LUl e e . . - . . -~ - - o - . e . . . L -.' L ..'. ..'. L L . L - ' - ' ' ' ' ' -
. e £ e Pl - Pl . . . . .
1 F | I B D B . ] - - e P | . . - P | - - -
o, - . - T S L, L] .
- W R e i dr g e e iy dpodp dp e s : : o
S . . : Rl M LN N A AL N ; o . LALLM A o)
j_ . ####;#im ] ; ; . ’ EaC M L
» r . W e e i F P a2l 3 » . !
dr i e ; ] ; ; . ip iy i L
. - . i R e e & W Mﬂm.r J o 4 X AL LN s ) aa ety
; . N R i e - ) ' ' e iy i - r e e e
” ; L L P iyl i e et i T P e e N
- : % : ............._._.4._.......4....4.4._._.4.4#.............-.........1.....-.4.......4.........4..]".... - wa N L N el ey i Pl Tt i A i AL e R ALl Ty
. J dr e R LAl EaC Ll ol . . L A LR o M M A W
- . dr e ir e ke a e e L dr e Ll sl sl Ealal L R N SN
. N o R N L) L Nl . . . Ea ) L N R N )
r . A0 A N E MEAE 20U M 2 AU A NN L LU A 2L ML A . Lo . - Ll 2l ir_ir e L RC R N A L M L
o N e EaC) e . . . Lo e - N o ok e Ea A O S N
- . p e e e b e A Rk R i & L) LR S0 3w T L ISR dr e e e ek k& ki W e i Ak A e
. . . o A k) o A al i . . O L ORI il P B 2 M ALl 3 L MM LA 0 M A 2 Al
. . e idr dy dr e iy e e iy e e e e e i L L e el P o L e e e e e e e Fal ) Wl e e e e
e A L) ERE Nl Nl - L 0 SR 3 al 3l 3 I dp e e e e e e de g i e A O M E S
A . . b ir e dr p dr e e e i e e i e e X X LR 2 Ml AN o - P S R dp e iy e i e e e e e i e e e i ERCC A0 M A0 AL M A
. M ke Ea) LM el . . e rlalr e e ak a a a E aE E ar a aaral al L R aE M Rl
. W e iy e e e e e e i ir i i LR 3 a0 s . - e e de e de e e e e e e e i e Ll L el R N NN
L A AEE L 3 o AL 30 U sl 20 " i LM AC L M . . . R R A L A 2 AE 2Rl ) Wt
. b ir dr dr dp dr e e e e e e iy e e i i dr i O A S ) e O e e i e e A i ir i L
. EaE N M M O N L) Ml . N N A N N ) LM A M Ml
. . it e i LAl L AC * i LR AC 30 20 E AN . Wi e e e e e i e e e i " L) L RC 0 B
; i e L ) * Ca e ) ; e N e e N A ) L) LM
- . b e dr i e i i Ak i i & Pl L - e e e e e 0 e g e de kR b e b i LR 3 W
. . i i " i o L) Eal i . . B 2l kA kL alal a) - LU N
-3 . P dr e i dr i i i & i L) L) A * L e
! ; i b e u ) L) L) L) . dp e e e e iy e e e e e ke R d i L) O
.. . . b ir ddr i i ir_dr e dr ar i i ax i L Al . A NN o Nl M L M N el ) " L AL
dr i i L) L) i a P . e e ol dr_dr drdr e g d R L) EE
. . b r e dr e i e b g I & i ) &k ik - S e e e e e e e e e e el e e e e A * ke
. . b . iy i i i i i " i L) LN . . LA Al Al M LR Ak i w i
s - . e e i i b i i i ir i EE ) dr i ie o dr e i iy iy
B . ok ok Rk E b i b L) L) i dp U e e iy el r e e e e e e el ek EaE N il iR
" - L N , F &y
S L B B el T T T I Y . e 4....4.4.-*44-4 :.4 W pipipiy iy gt
. . L FAh 4h A b L L L L L aa b F ok b B b F F . . . . " g
L L] . - L N D P DL I P I R P N L . . . a | AL = A L L L L AL AA A AL A A A A A A A A o L - .
B =T A Y ) . e e e e i i A R A RN a0 L ; L L) o i e el o ol e el o o e e e R N
£ ol . STl W - - * e s i s ol e o e e e ; dr 0 e Urlie dp dp e dr e e e e e e e e e e e b e e p e e e iy e b e e e e e i e e e e e e e kel e e e e e e e e e
. b, . . " . - . [ F
... , - H...H...H.q “..4”...”.4... T .._.._..H.r....4.._..rH....H.r.4....”.4Ht.._..__.H....H....H.r.._.rH.4H.v....r....4“._..”.4....r.._.....H.._.H......_...............4.._....”....”...“...”...”...”...“.........”.... ) " ”.-H.qu...”.qn...u...... Y, ...._._.._._...._.4........._44...4...4...4.4...&......“4”44...4........._-_ S N A .._........4.4._...4.._........H._..H.4......H....q.q........_...u.-_nt.q.........-..._“....._# * 44H4”...”4H4“...H...H...“...“4H..._” “
rof . B - LI i i_ar ar i ) W dr dr o de ki il . L~ el k) ; - u ] * 2 U R AL ;
L D I - - ; L Rl T B a0 ) > oy ar i EC M R SO AT
- . A - LI i dr i L [ 1 el 3 E M SN o N i ; W i e e e
L vl Ol - LA L M DN O . B 2l L M) r L AC D M Ll N Al
; a3 -l e i i dr 0 e e ir e e dp e . U ) i W ke
! ) L ik - LR N L PR " om a0 "y L L RO O R M A
! B T B B = ) ¥ o M A M AN . o . . L el r 0 el el A0 e
o I e ir ar LN T L T A B D k) § i ir * e - EC MO EaE N N AT
£ ¥ . i i dr i X i * ok o R Ml N N M N S RO Uk ke ko kodr - i e de e ke W R e e
g ” - IR Al N A U e e ML ALAC N L ML NN 2 " M ACRCC BE AL N Al g, LN LM R R R LALLM L AL MDA
By X0 . L I N o o A L B N I B A N e L A PN I 5
) . . B <R Al A A U N L AU Mt L M Al A A N A N P . - - . U N B M A ) AL Al ) Wl i e e .
! L I n N e e e N e « THE A e o i R A e e e A A e PN 3
- B o ) drodr p e e Cde dp dSir e ok Cdp e e e el e e e e e e e i g e B U e R e 0 e e e e Jr e de e e de k& W e kR ke ek
B b, . W r Nk kil N o Al a0 . B 2l 0 Ul ko a0 Ul a0l EACC M DE N A
; - B B o e e ) el el o iy e e e 2
k- K- . R SR R ey by by e b e e e R e Rk Ak KR S K kR b b de e e ke e b & e e e e i KK E Rk A ki e b e b e kAR KRN Kk Kok ke &R R KK ..— ..4 ..... ....:.......4 ..—:.r - b L b R Ak R :.__......_. ..._. ..__. LR W) LA v”.
il . - L " iy 3 o o o T e e S e . l_.l_-_l"l“l._l_-. .l" . . . i . v..
] o, 4 + - F F FFFFr FrFrrrrrrs 001001000 F 10 801 . . . . T T T T . P A
oy C e e e e . . . . . - P o . .-.. . . ) -.,.l.-.,_l.“_l.-.,.l..__l._..,_l...._.l.-. Lol el aai Sl Al el __II.-.I? )
. N By
iy FUORR R Ry ' ' ' ' ' f . . - - ) o )
a ' . ' oo ' e e R R R R - L, [ ' R R

i

i x4 T

T A e

e A
- - LI TN I N N R P R I |

Fy a'a'a'a a'a & m a o a Ay
- .‘.l-‘..'.l-.‘.-'.l-.‘.._’-

. . . - . . - . . - . . - . -- . . l- . . -l- . -
T T N .
- ) " " e i e i i i e PP 2P

T St et T ook i M g o e L il '

L LT . .

rr P FFEFEFPFERFEF P
. . . e . PR T
.__..._._..__.-.-.__ .- .-

AT A W A W R e e e e
] ] F e * Ll Wl I i i) LIl S I e L T T R R . o . - e e

' . . . - . . e e e e r Vo . o P . P . .
. ' . ' . ' . - ' . ' ' ' r ' - . P . ' . . P . .

- ol W - . n o » -

r s a s nm s w kst Y
4 b & bk b h N bk ok
n Ak droa w k h hE kk a ko
ok b 4 oa d o ko ke bk

.
i W i oa
= & W W r

r

NN 2
N a2k r 4k oy sk ks ko
a - - -

»
I,
~ 4 b b hraoaoaa
> e

- 4 & &
" & & 2 &2 2 2 2 = a2 a

hd a 2 2 & b 2 h 2k & s ra b rh s ks a s s s sk ks okh s ks sk s s Ss S LSS
- & & & & & & b & F a ¥’ h s b ks hr s ks ks b sss sk s A ks dk ks Ao a & &2 & =
PN IR L N N AL R LN NN AL N N ah
-

L]
P
4 & &2 & & &2 &2 & &2 2 & & & a2 & &

" a2 = s s a
m = n b & &2 & & & & & b & &k

i

N h b b § h K & K K h b b B b b W Fdda Fdd T




US 10,044,553 B2

1

MEDIA RESOURCE RESERVATION
REQUEST FAILURE HANDLING FOR
VOICE OVER MOBILE WIRELESS
NETWORK

FIELD OF THE INVENTION

This invention relates generally to the field of mobile
wireless communications networks and related services.
More particularly, the mmvention 1s directed to supporting
digital voice connections over digital mobile wireless digital
communication technologies (e.g., Long Term Evolution—

LTE).

BACKGROUND OF THE INVENTION

Great strides have been made 1n the area of mobile
wireless communications to ensure high availability of ser-
vices with very rare instances where an attempt to connect,
in particular an attempt to connect a voice call request, fails.
However, when mobile wireless communications entities
are unable to successfully reserve a requested media
resource to support a connection request by user equipment,
tallure protocols/procedures are instituted by service pro-
viders to handle particular error conditions. In the case of the
mobile wireless technology’s 3" Generation Partnership
Project (3GPP) Techmical Specification, an IP Multimedia
Sub-system (IMS) specification includes error codes that are
provided by the mobile wireless communication services
when particular failure conditions are detected on 1nterme-
diate nodes between two mobile wireless devices (user
equipment). The mobile wireless communication system
renders and relays appropriate error codes to the user equip-
ment that 1ssued the voice call connection request. However,
error handling on user equipment, aiter recerving such error
codes, has proven to be unsatisfactory and results 1n a poor
overall user experience in cases when a request for creating
a voice connection fails. For example, when a “voice over
LTE” (VoLTE) network receives an error response to a
DIAMETER request, which 1s part of a call setup mitiated
in response to a request from a VoLTE subscriber user
equipment (e.g. a smart phone), the originating user equip-
ment recerves a Session Initiation Protocol (SIP) error code.
It 1s up to the user equipment to iitiate error handling,
resulting 1n a variety ol responses (1I any) based upon
particular providers of the user equipment that recerve such
error codes.

SUMMARY OF THE

INVENTION

Embodiments of the invention are used to provide a
method, non-transitory computer readable medium, and a
computer system for handling a digital voice network media
resource reservation request failure notification, 1ssued by a
call session control function, arising from a connection
request from an originating mobile user equipment to a
terminating mobile user equipment. The method comprises
receiving a connection request response message mcluding
the digital voice network connection request failure notifi-
cation. The method further includes detecting a media
resource reservation request failure error condition based on
the connection request response message containing the
digital voice network media resource reservation request
tailure notification. The method further includes 1ssuing, 1n
response to the detecting, a configured error response mes-
sage to 1mitiate an alternative message connection between
the originating mobile user equipment and a message file
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2

service, where the message file service comprises an inter-
face facilitating receiving a message from the originating
mobile user equipment to the terminating mobile user equip-
ment.

The 1invention 1s embodied i1n computer-executable
instructions stored on a non-transitory computer readable

medium facilitating carrying out the steps of the above-
summarized method. The invention 1s further embodied 1n a
networked node including a processor and computer-read-
able medium configured to carry out the steps of the above-
summarized method.

BRIEF DESCRIPTION OF THE

DRAWINGS

While the appended claims set forth the features of the
present invention with particularity, the mvention and its
advantages are best understood from the following detailed
description taken in conjunction with the accompanying
drawings, of which:

FIG. 1 1s a schematic diagram illustrating a mobile
wireless communications network environment;

FIG. 2 1s a sequence diagram depicting a first known
process tlow for a set of transactions 1n accordance with a
first 1illustrative scenario for a VoLTE voice connection
media resource reservation request failure handling opera-
tion;

FIG. 3 1s a sequence diagram depicting a second known
process flow for a set of transactions 1n accordance with a
first 1llustrative scenario for a VoLTE voice connection
media resource reservation request failure handling opera-
tion;

FIG. 4 1s a sequence diagram depicting process tlow for
a set of transactions in accordance with a first new VoLTE
fallure handling sequence for the VoLTE media resource
reservation request failure scenario depicted in FIGS. 2 and
3;

FIG. 5 1s a sequence diagram depicting process tlow for
a set of transactions 1n accordance with a second new VoL TE
fallure handling sequence for the VoL'TE media resource
reservation request failure scenario depicted in FIGS. 2 and
3; and

FIG. 6 1s an exemplary set of protocol stacks utilized by:
user equipment (mobile wireless device), a radio access
network, and servers connected to the radio access network
and user equipment.

DETAILED DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention described
herein address handling of detected media resource request
failure conditions arising from a voice connection request
from user equipment (e.g. smart phone) to initiate a voice
call connection to another user equipment. The examples
provided herein utilize DIAMETER protocol-based call
mitiation. The DIAMETER protocol 1s used to carry out:
authentication, authorization, and accounting (AAA); policy
application; and implement resource management. How-
ever, the principles of the present mnvention are not limited
to the well known DIAMETER protocol.

Multiple types of failure conditions have been observed 1n
various VoLTE environments. A number of such errors arise
from i1mplementation of functionality relating to DIAM-
ETER interfaces. One such observed type of failure con-
cerns an Rx (e.g. DIAMETER) interface between a policy
and charging rules function (PCRF) and a Proxy-Call Ses-
sion Control Function (P-CSCF) on a mobile wireless com-
munications network supporting VoL'TE call connections. In
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an exemplary call/connection management environment, the
PCRF structural/functional complex includes: a Signaling
Manager, PCRF Application Servers, a database, and a
storage area network (SAN) storage. The Signaling Manager
carries out a lightweight DIAMETER Routing Agent (DRA)
role. As such, the Signaling Manager maintains a binding for
a Gx (e.g. DIAMETER 1nterface between P-GW and PCRF
in an IP-CAN) and Rx connection. Thus, the Signaling
Manager ensures the Gx and Rx messages are handled by a
same PCRF Application Server (in cases where multiple
PCRF Application Servers are present).

Turning to FIG. 1, an exemplary (LTE) network environ-
ment 1s schematically depicted that includes monitoring and
management components facilitating support of VoLTE call
media resource reservation request failures arising from
volice connection requests from an originating side user
equipment (OS-UE) 102A to a terminating side user equip-
ment (TS-UE) 102B via a terminating user equipment. In
FIG. 1, the OS-UE 102A and the TS-UE 102B are shown as
being in an area served by a same eNodeB 103. In many
cases, the OS-UE and TS-UFE are connected to different
eNodeB radio access network elements, and are potentially
connected to different mobile wireless service provider
networks.

The processing components in the exemplary LTE net-
work depicted in FIG. 1 are logically grouped 1n six cat-
egories. First, an LTE Access Plane 104, also referred to as
an IP connectivity access network (IP-CAN) and more
generally a radio access network (RAN), includes
E-UTRAN and EPC components of the LTE network. The
LTE Access Plane 104 provides IP connectivity between the
OS-UE 102A and various structural functional components
of an LTE mobile wireless network. Second, an IMS Core
106 comprises signaling components mvolved 1n setting up
a VOLTE call. Third, a Media Plane 108 comprises structural
components involved with building and maintaiming a bearer
path between the LTE network environment 100 and other
IP multimedia subsystem networks 110 supported by other
mobile wireless network service providers. Fourth, an Appli-
cation Plane 112 comprises structural components support-
ing features for voice and messaging calls. The Application
Plane 112 1s responsible for implementing voice call features
and processing logic. Fifth, an OAM&P Plane 114 com-
prises a set of components carrying out “operational alarm
management and provisioning” components of the LT
network environment 100. Sixth, a Support Plane 116 com-
prises a set of servers for implementing services relating to:
databases, routing and call charging support for all multi-
media services.

Below 1s a description of sub-elements contained within
the above generally described six categories of logical
entities that provide VoLTE/RCS services to the OS-UE
102A seeking to establish a voice connection to a TS-UE
(e.g. TS-UE 102B) 1n a same or different mobile wireless

service provider network.
The IMS Core 106 1includes a Proxy Call Session Control

Function (P-CSCF) 120. The P-CSCF 120 1s a first contact
point within the IMS Core 106 during call connection
mitiation. The P-CSCF 120 operates as a SIP proxy by
forwarding SIP messages between the OS-UE 102A and the
IMS Core 106. The P-CSCF 120 also maintains security
associations between the P-CSCF 120 and OS-UE 102A.
The P-CSCF 120 incorporates an Application Function
aspect of a Policy and Charging Control (PCC) by autho-
rizing bearer service resources and performing QoS man-
agement over a requested voice connection between the

OS-UE 102A and a TS-UE.
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An Interrogating/Serving Call Session Control Function
(I/S-CSCF) 122 includes both “interrogating” and “serving”
parts. The interrogating part of the I/S-CSCF 122 functions
as a contact pomnt within an operator’s network for all
OS-UE requests for connections destined to either a TS-UE
within a mobile wireless data network operator’s network or
a roaming TS-UE currently located within the mobile wire-
less data network operator’s service area. Upon receiving an
IMS registration request, the “interrogating” part of the
I/S-CSCF 122 determines a serving call session control
function (S-CSCF) 1n a terminating-side network to which
the registration request from the OS-UE 1s to be routed. For
registration requests identitying another mobile wireless
device as the terminating point for a voice call, the interro-
gating part of the I/S-CSCF 122 queries a home subscriber
server (HSS) 124 of the support plane 116 to determine the
identity of an S-CSCF upon Which the requesting OS-UE
102A 1s registered.

The “serving” part of the I/S-CSCF 122 supports voice
call sessions by performing session set-up, session tear-
down, session control and routing functions. The serving
part of the I/'S-CSCF 122 mvokes applications supported by
servers associated with the Application Plane 112 based on
an 1mtial filter criteria received from the HSS 124. The
serving part of the I/S-CSCF 122 operates as a SIP registrar
for the OS-UE 102A that originated the VoLTE call. The
serving part of the I/'S-CSCF 122 queries the HSS 124 for
applicable mobile wireless service subscriber/UE profiles
and handles calls involving the corresponding user equip-
ment once they have been registered. The serving part of the
I/S-CSCF 122 accesses subscription iformation to deter-
mine appropriate forwarding/routing of VoLTE call connec-
tion set up requests originating through the I/S-CSCF 122.

A Breakout Gateway Control Function (BGCF) 126 pro-
cesses requests for routing from the serving part of the
I/S-CSCF 122 for cases were the I/S-CSCF 122 determines
the session cannot be routed using a DNS/ENUM 128. The
ENUM DNS translates ordinary (e.g. E.164) telephone
numbers into IP addresses according to, for example, a SIP
addressing scheme. ENUM 1s an IETF standard (RFC 2916)
for mapping the public telephone number space into the
Domain Name System (DNS) address space. The BGCF 126
determines a next hop for routing a SIP invite message. This
determination may be based on a variety ol information
including information: receirved 1n the protocol, administra-
tive information, and/or database access. For public switch
telephone network (PSTN) terminations, the BGCF deter-
mines a network 1n which PSTIN/CS domain breakout 1s to
occur. I1 the routing determination 1s such that a breakout 1s
to occur 1n a same mobile wireless service provider network
in which the BGCF 126 is located, then the BGCF 126
selects a media gateway control function (MGCF), e.g., an
MGCF 130, responsible for interworking with the PSTN/CS
domain. If the routing determination results 1n a break out 1n
another mobile wireless service provider network, the
BGCF 126 forwards session signaling to another BGCF 1n
the other network. If the routing determination results in the
session being destined for termination in another IMS net-
work (e.g., the other IMS network 110), then the BGCF 126
forwards the message to an I/S-CSCF 1n the other IMS
network.

A Media Resource Function (MRF) comprises a Multi-
media. Resource Function Controller (MRFC) 132 1n the
IMS Core 106 and a Multimedia Resource Function Pro-
cessor (MRFEFP) 134 1n the media plane 108. The MRFC 132
controls media stream resources 1 the MRFP 134. The
MRFC 132 interprets information coming from an applica-
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tion server (AS) in the Application plane 112 and the
I/S-CSCF 122 (e.g. session identifier) and controls the

MRFP 134 accordingly. The MRFP 134 provides a variety

ol service support functions including: multimedia transcod-
ing, multiparty multimedia mixing, network announce-
ments/tones, and floor control for managing access rights to
shared resources 1n a conferencing environment.

The MGCF 130 supports control plane interworking
between the IMS core 106 and a legacy circuit network 131.

By way of specific example, the MGCF 130 executes
protocol mapping between SIP and ISUP call control pro-
tocols. The ISUP protocol supports signaling for providing
voice and non-voice services in telephone communications.
ISUP 1s an extension of SS7, used as the interface protocol

for voice and data within, and for ingression or egression
to/from, the Public Switched Telephone Network (PSTN.).
The MGCF 130 also controls a Media Gateway node
according to, for example, the H.248 protocol.

At the media plane 108, a Media Gateway (MGW) 140
supports user plane interworking between the IMS core 106
and legacy circuit network bearers (e.g., the legacy circuit
network 131).

An Interconnection Border Control Function (IBCF) 142
(in the IMS core 106) and a Transition Gateway (IrGW) 144
(in the media plane 108) manage control/media plane func-
tionality at a point of connection to the other IMS network
110.

Turning attention to the Application plane 112, a Tele-
phony Application Server (TAS), such as a voice over LTE
application server (VOLTE AS) 150 1s an IMS Application
Server in the Application plane 112 supporting multimedia
telephony services as defined by 3GPP. The VoLTE AS 150
1s a TAS that provides both the origination and termination
teatures for all VoOLTE calls. By way of example, the TAS
includes a processor and 1s variously configured with a
computer-readable medium (e.g. a non-transitory computer
readable medium) having stored thereon computer-execut-
able instructions for carrying out the TAS-related opera-
tions/functions described herein below with reference to the
sequence drawings in FIGS. 2-5.

A Service Centralization and Continuity Application
Server (SCC AS) 1352 provides an Originating Service
Domain Selection, a Terminating Service Domain Selection
and a Terminating Access Domain Selection function for
users whose terminals/devices have the capability of attach-
ing to LTE or CDMA 1xRTT, depending on radio access
technology availability.

An SMS Gateway (IP-SM-GW) 154 supports SMS 1nter-
working between the IMS network and a legacy circuit
network (e.g. the legacy circuit network 131).

An RCS Messaging AS (RCS AS) 164, of the Application
plane 112, supports RCS messaging related services and
comprises: Standalone Messaging, 1:1 Chat, Group Chat,
File Transfer, Image Transfer, etc.

A Charging Data Function (CDF) 166 receives charging
triggers from charging triggering function sources such as
the VOLTE AS 150 via an Rf{ reference point interface/
message. In response to such charging trigger messages, the
CDF 166 generates charging records on identified user
accounts for subsequent rating operations on the potentially
chargeable event.

A voicemail application server (Vmail AS) 167 operates
within the application plane 112 to provide a digital reposi-
tory of recorded voicemail messages for subscribers to the
mobile wireless communication network services of the
system depicted i FIG. 1.
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A Provisioning Mediation Gateway (PMGW) 168 pro-
vides a provisioning abstraction layer between a TOPS
provisioning system and network elements. The PMGW 168
receives provisioning requests from an Amdocs Activation
Manager and provisions IMS network elements. In an exem-
plary embodiment, where handling of media resource res-
ervation request failure errors 1s configured on an individual
user/mobile terminal basis (e.g., connect to vmail, email,
text message service for the specified termination-side
mobile terminal), the PMGW 168 provides an interface for
defining/storing a customized media resource reservation
request failure error response configuration on an 1mdividual
mobile terminal-specific basis. In that regard, while the
examples provided herein specily routing a connection
request to voicemail 1n response to a media resource reser-

vation request failure error, supporting a variety of potential
media resource reservation request failure error response
actions are contemplated including: voicemail, email, text
message, €tc.

The system summarized in FIG. 1 generally depicts
known LTE mobile wireless network entities. Thus, the
above description 1s meant to be summary in nature—as
opposed to being exhaustive—since the described elements
are generally well known 1n the mobile wireless communi-
cations field.

Having described exemplary structural/functional ele-
ments of an exemplary VoLTE network suitable for carrying
out exemplary implementations of VoOLTE error handling,
reference 1s now made to FIGS. 2 and 3 that describe two
exemplary VoL TE connection request error scenarios. In a
first error scenario, summarized in FIG. 2, the error condi-
tion 1s conveyed in a SIP 183 message. In a second error
scenario, summarized in FIG. 3, the error condition 1s
conveyed 1in a SIP 200 OK message. Two potential solutions
for both error scenarios are thereaiter described with refer-
ence to FIGS. 4 and 5. In both scenarios/solutions, error
conditions arise from a call request from a mobile originat-
ing (MO) user equipment (e.g. OS UE 102A) to a mobile
terminating (MT) user equipment for a VoLTE environment
incorporating the DIAMETER protocol.

Turming to FIG. 2, a sequence diagram summarizes a
series of operations and associated messaging transactions
for a first VoOLTE error condition handling scenario associ-
ated with a request by the MO user equipment (e.g. OS-UE
102A) to establish a VOLTE connection with the MT user
equipment. In the illustrative example provided in FIG. 2,
the MO and MT user equipment are, at the time of call
initiation, connected to distinct IMS core networks (see e.g.,
IMS core 106). However, the request may also arise in a
situation where both the MO and MT user equipment are
both currently served by a same IMS core.

With continued reference to the sequence diagram
depicted 1n FIG. 2, durmg a stage 201, the MO UE 1ssues a
SIP 1nvite (e.g., SDP offer including media capabilities)
message to an orngination-side (OS) P-CSCF (e.g. P/E-
CSCF 120) to mtiate call set up with an 1dentified MT UE.
During 202, the OS P-CSCF forwards the SIP invite mes-
sage to an OS S-CSCF (e.g. I'S-CSCF 122). During 203 the
S-CSCF forwards the SIP invite message to an OS telephony
application server (TAS) such as the VoLTE AS 150. The
forwarding of the SIP invite message during 203 i1s based
upon 1nitial filter criteria applied by the OS S-CSCF to the
SIP invite. Thereafter, during 204 the OS TAS applies
supplementary features, based upon the MO UE identity,
betore returning the (potentially modified) SIP 1nvite back to
the OS S-CSCEF.
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During 205, the OS S-CSCF forwards the potentially
modified SIP invite, received from the TAS during 204, from
the orniginating-side (OS) IMS core to a terminating-side
(TS) IMS core. In particular, the OS S-CSCF forwards the
SIP mvite (e.g., SDP offer) to a TS S-CSCF 1dentified 1n a
response to a query 1ssued to an HSS (e.g. HSS/SPR 124) by
an [-CSCF (e.g. IS-CSCF 122).

During 206, the terminating-side processing of the SIP
invite commences. In particular, during 206 the TS S-CSCF
issues the SIP invite (received during 2035) to a TS TAS.
During 207 the TS TAS applies terminating-side features/
services associated with the MT UE identified in the SIP
invite and the TS TAS returns the potentially further modi-
fied SIP invite to the TS S-CSCE. During 208 the TS
S-CSCF forwards the potentially further modified SIP invite
to an SCC AS (see SCC AS 152) according to an initial filter
criteria rule. Thereafter, during 209 the SCC AS determines
whether a domain (e.g., VoLTE) selection needs to be
performed based upon the i1dentified MT UE and the SCC
AS returns the SIP mvite to the TS S-CSCF with a proper
domain selection. During 210 the TS S-CSCF forwards the
SIP mvite (received from the SCC AS during 209) to a TS
P-CSCF. During 211, the TS P-CSCF 1ssues the SIP mnvite
(recerved from S-CSCF during 210 and including an SDP
offer) to the identified MT UE. Durning 212, the MT UE
processes the SIP invite/SDP offer and 1ssues a SIP 183
Session In Progress response message to the TS P-CSCEF.

In response to recerving the “SIP 183 Session In Progress™
response message, during 213 the TS P-CSCF 1ssues a
DIAMETER AA Requestto a'T'S PCRF to set up a dedicated
bearer for an 1dentified media. In a particular error scenario
where the TS PCRF 1s unable to meet the DIAMETER AA
Request (e.g., the request by the MO UE to reserve a media
resource cannot be fulfilled), during 214 the TS PCRF issues
a DIAMETER AA response 3002 “Unable to Deliver’—or
any other appropriate DIAMETER protocol error code to the
TS P-CSCF.

The response message (containing the error code), in turn,
causes transmission/reception of a series of cascading error/
failure notification messages beginning at the TS P-CSCF

and ending at the MO UE that originated the request to
connect to the MT UE. In that regard, during 215 the TS

P-CSCF modifies the SDP to indicate SIP 183 Session 1n
Progress, sets an audio port to “0” to indicate that the
network 1s unable to support the requested flow over the
indicated media, and forwards the SIP 183 Session 1in
Progress message to the TS S-CSCF. The SIP 183 Session 1n
Progress message therealter passes, during stages 216, 217,
218, 219 and 220 back to the originating side—in particular,
the OS S-CSCF (e.g. I/S-CSCF 122 that 1ssued the SIP invite
to the terminating side during 205.

During 221 the OS S-CSCF forwards the SIP 183 Session
in Progress message, including the SDP Answer that indi-
cates the SIP 183 Session 1n Progress error code and audio
port equal to “07, to the OS TAS. In response, during 222 the
OS TAS potentially modifies the SDP Answer according to
supplementary features, based upon the MO UE identity,
before returning the (potentially modified) SIP message
back to the OS S-CSCF. During 223, the OS S-CSCF sends
the above-described SIP 183 Session in Progress error
message to the OS P-CSCEF, and during 224 the OS-CSCF

passes the SIP 183 Session 1n Progress error message to the
MO UE.

In response to receiving the SIP 183 Session 1n Progress
error message including the audio port equal to “0” value,
the MO UE mitiates a VoLIE call teardown operation
sequence. In that regard, during 2235 the MO UE 1ssues a SIP

10

15

20

25

30

35

40

45

50

55

60

65

8

“Cancel” message to the OS P-CSCEF. During 226, the OS
P-CSCF sends the Cancel message to the OS S-CSCF, and
during 227 the OS S-CSCF forwards the Cancel message to
the OS TAS.

During 228, the OS TAS processes the SIP Cancel mes-
sage and returns a SIP 200 OK message to the OS S-CSCEF,
acknowledging the SIP Cancel message 1ssued by the MO
UE. The SIP 200 OK passes back to the MO UE during
stages 229 and 230 via the OS S-CSCF and OS P-CSCEF.

Additionally, the call teardown 1s propagated to the ter-
minating side. Thus, during 231 the OS S-CSCF forwards
the SIP Cancel message, previously received 1n association
with stage 226, to the TS S-CSCF. During 232 the TS
S-CSCF forwards the SIP Cancel message to the MT UE,
and during 233 the MT UE 1ssues a SIP 200 OK message to
the TS S-CSCEF, acknowledging the SIP Cancel message
from the TS S-CSCF. During 234 the TS S-CSCF forwards,
to the OS S-CSCF, the SIP 200 OK message acknowledging
the SIP Cancel request 1ssued by the OS-CSCF during 231.

Additionally, independently of the teardown messaging
passed from the OS to the TS infrastructure, during 235 the
MO UE sends a SIP 487 Request Terminated message to the
OS TAS. The OS TAS, during 236, sends an acknowledge-
ment message back to the MO UE regarding the SIP 487
Request Terminated message sent during 235.

Similarly, during 237 the M'T UE sends a SIP 487 Request
Terminated message to the TS TAS. The TS TAS, during
238, sends an acknowledgement message back to the MT
UE regarding the SIP 487 Request Terminated message sent
during 237.

Thus, 1n summary of the above description of an exem-
plary error scenario described above with reference to FIG.
2, when a request by the MO UE to connect fails due to an
inability to provide a bearer for an identified media, from a
user experience perspective, the MO UE mitiated call was
silently torn down without any form of audio feedback
and/or alternative messaging media/channel. In the first
scenario summarized in FIG. 2, the MO UE 1s not provided
an opportunity to connect to MT1’s voicemail or routed to
any alternative messaging media/channel that could poten-
tially provide a more satistying alternative to the silent
fa1lure/disconnection associated with the first error handling
scenario.

Tuming to FIG. 3, a sequence diagram summarizes a
series ol operations and associated messaging transactions
for a second VoLLTE error condition handling scenario asso-
ciated with a request by the MO user equipment (e.g. OS-UE
102A) to establish a VOLTE connection with the MT user
equipment. In the illustrative example provided in FIG. 3,
the MO and MT user equipment are, at the time of call
initiation, connected to distinct IMS core networks (see e.g.,
IMS core 106). However, the request may also arise in a
situation where both the MO and MT user equipment are
both currently served by a same IMS core. Since the 1nitial
stages 200-211 are the same 1n the second scenario, refer-
ence 1s made to the discussion of stages 200-211 above with
reference to FIG. 2 for the previous discussion of the initial
propagation of the VoLTE request from the MO UE to the
MT UE.

With continued reference to FIG. 3, during 312, 1n
response to the TS P-CSCF issuing the SIP invite (including
an SDP offer) to the identified MT UE, the M'T UE processes
the SIP 1nvite/SDP offer and 1ssues a SIP 200 OK response
message to the TS P-CSCEF.

During 313, 1n response to recerving the SIP 200 OK
response message, the TS P-CSCF 1ssues a DIAMETER AA

Request to a TS PCRF to set up a dedicated bearer for an
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identified media. During 314, 1n a particular media resource

[

reservation request error scenario where the TS PCRF 1s
unable to meet the DIAMETER AA Request (e.g., the
request by the MO UE to set up a VOLTE connection to the
MT UE cannot be fulfilled), the TS PCRF 1ssues a DIAM-
ETER AAresponse 3002 “Unable to Deliver”—or any other
appropriate DIAMETER protocol error code to the TS
P-CSCF.

The response message (containing the error code), in turn,
causes transmission/reception of a series of cascading error/
failure notification messages beginning at the TS P-CSCF
and ending at the MO UE that originated the request to
connect to the MT UE. In that regard, during 315 the TS
P-CSCF modifies the SDP to indicate SIP 200 OK, sets an
audio port to “0” to indicate that the network 1s unable to
support the requested flow over the indicated media, and
forwards the SIP 200 OK message to the TS S-CSCF. The
SIP 200 OK message thereafter passes, during stages 316,
317, 318, 319 and 320 back to the orniginating side—in
particular, the OS S-CSCF (e.g. I/S-CSCF 122 that 1ssued
the SIP invite to the terminating side during 205.

During 321 the OS S-CSCF forwards the SIP 200 OK
message, including the SDP Answer that indicates the SIP
200 OK error code and audio port equal to <07, to the OS
TAS. In response, during 322 the OS TAS potentially
modifies the SDP Answer according to supplementary fea-

tures, based upon the MO UE identity, before returning the
(potentially modified) SIP 200 OK message back to the OS

S-CSCFE. During 323, the OS S-CSCF sends the above-
described SIP 200 OK error message to the OS P-CSCF, and
during 324 the OS-CSCF passes the SIP 200 OK error
message to the MO UE.

In response to receiving the SIP 200 OK error message
including the audio port equal to “0” value, the MO UE
initiates a sequence of VoLTE operations to tear down the
voice call setup. In that regard, during 325 the MO UE issues
an ACK message to the OS P-CSCF. During 326, the OS
P-CSCF sends the ACK message to the OS S-CSCF, and
during 327 the OS S-CSCF forwards the ACK message to
the OS TAS.

During 328, the OS TAS processes the ACK message
(relating to the earlier processed SIP 200 OK) and responds
to the OS S-CSCEF, acknowledging processing by the OS
TAS of the ACK message. Thereatter, during 329 the OS
S-CSCF mitiates propagating (during stages 330, 331, 332,
333, 334 and 335) the ACK message to TS nodes—ending
with receipt of the ACK message by the TS UE during stage
33s.

Moreover, after receiving (during 324) the SIP 200 OK
error message including the audio port equal to “0” value,
the MO UE, during 336 issues a SIP BYE message to the OS
P-CSCF. During 337, the OS P-CSCF processes the SIP
BYE message and 1ssues a SIP 200 OK message, acknowl-
edging the SIP BYE, back to the MO UE. Additionally,
during 338 the OS P-CSCF mitiates propagating the SIP
BYE message to the M T UE. After receiving the propagated
SIP BYE message, during 339 the MT UE 1initiates propa-
gating SIP 200 OK message responsive to the SIP BY.
message back to the OS P-CSCF from which the SIP BY.
message originated.

Thus, 1n summary of the above description of an exem-
plary error scenario described above with reference to FIG.
3, when a request by the MO UE to connect fails due to an
inability to provide a bearer for an identified media, from a
user experience perspective, the MO UE initiated call was
silently torn down without any form of audio feedback
and/or alternative messaging media/channel. In the scenario
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summarized i FIG. 3, the MO UE 1s not provided an
opportunity to connect to M1 s voicemail or routed to any
alternative messaging media/channel that could potentially
provide a more satisiying alternative to the experienced
silent disconnection.

In contrast to the above-summarized sequence including
a media resource reservation request failure, two alternative
media resource reservation request failure handling
approaches are presented herein with reference to FIGS. 4
and 3. In a first alternative voice connection media resource
reservation request failure handling operation i a digital
voice communication network (see FIG. 4), rather than
merely sending the SDP answer with the media port equal to
zero, a TAS at the terminating user equipment-side of the
requested VOLTE connection processes the SDP Answer
(including the media port value equal to zero). However,
istead of merely sending the received SDP answer back to
the originating user equipment-side of the requested VoL TE
connection, the terminating-side TAS establishes a connec-
tion to a voicemail server/service for the terminating user
equipment. Thus, at the originating user equipment-side the
user observes a ringtone followed by a prompt to save a
voicemail message for the intended terminating user equip-
ment.

In a second alternative voice media resource reservation
request failure handling operation 1n a digital voice com-
munication network (see FIG. 5), the P-CSCF (1n addition to
setting MP to “0” when the connection fails) creates a
mapping between DIAMETER error codes and SIP error
responses. Based on the mapping, 1n response to the media
resource reservation request failure, the P-CSCF generates a
SIP error response, such as (for example) “412 Conditional
Request Failed” that indicates the condition that led to the
tailure of the voice connection media resource reservation
request to the terminating user equipment. The TS TAS 1s
configured to respond to receiving the SIP error response
(including the “412 Conditional Request Failed) 1ssued by
the P-CSCF by forwarding the call for connection to the
voicemail server/service of the intended terminating user
equipment.

Tuming to FIG. 4, a sequence diagram summarizes a
series ol operations and associated messaging transactions,
for a first improved VoLTE error condition handling method
and structure, associated with a request by the MO user
equipment (e.g. OS-UE 102) to establish a VoOLTE connec-
tion with the MT user equipment. The sequence diagram
depicted 1n FIG. 4 includes a same set of participating
clements of an originating side and a terminating side of an
attempted VoL TE connection between the MO UE and the
MT UE as the elements depicted in FIGS. 2 and 3. Addi-
tionally, a Voicemail Application Server (see FIG. 1 Vmail
AS 167) supports storing a voicemail message by the MO
UE when a connection cannot be established with the MT
UE.

In the illustrative example provided in FIG. 4, the MO and
MT user equipment are, at the time of call imitiation,
connected to distinct IMS core networks (see e.g., IMS core
106). However, the request may also arise in a situation
where bath the MO and MT user equipment are both
currently served by a same IMS core. Since the initial stages
200-211 are the same 1n the second scenario, reference 1s
made to the discussion of stages 200-211 above with refer-
ence to FIG. 2 for the previous discussion of the initial
propagation of the VoLTE request from the MO UE to the
MT UE.

Betore continuing the discussion of FIG. 4, 1t 1s expressly
noted that the described solution applies to both the first
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scenario (FIG. 2, SIP 183 Session in Progress) and the
second scenario (FIG. 3, SIP 200 OK) described herein
above. Therefore, the remaining stages are executed simi-
larly regardless of whether the response to the SIP INVITE
results 1n a SIP 183 Session 1 Progress or a SIP 200 OK
response from the MT UE.

With continued reference to FIG. 4, during 412, in
response to the TS P-CSCF issuing the SIP invite (including,
an SDP offer) to the 1dent1ﬁed MT UE, the MT UE processes
the SIP invite/SDP ofler and 1ssues a SIP response to the TS
P-CSCF. By way of example, the SIP response may be 1n the
form of a SIP 183 Session 1n Progress or a SIP 200 OK
response message.

During 413, in response to receiving the SIP 183/200
response message, the TS P-CSCF 1ssues a DIAMETER AA
Request to a TS PCRF to reserve media resources for an
identified media. During 414, 1n a particular error scenario
where the TS PCRF 1s unable to meet the DIAMETER AA
Request (e.g., the request by the MO UE to reserve media
resources for a VOLTE connection to the MT UE cannot be
tulfilled), the TS PCRF 1ssues a DIAMETER AA response
3002 “Unable to Deliver’—or any other appropriate DIAM-
ETER protocol error code to the TS P-CSCFE.

The response message (containing the error code), in turn,
causes transmission/reception of a series of cascading error/
failure notification messages beginning at the TS P-CSCF. In
that regard, during 415 the TS P-CSCF modifies the SDP in
the SIP 183/200 message and sets an audio port to “0” to
indicate that the network 1s unable to support the requested
flow over the indicated media, and forwards the modified
SIP 183/200 message to the TS S-CSCF. The SIP 183/200
message thereafter passes, during stages 416, 417, and 418
through the TS SCC-AS, and then to the TS TAS. The choice
of setting the audio port to “0” 1s implementation-specific
and not mtended to limit using a variety of alternative audio
port value assignments to indicate an inability of the net-
work to provide the requested media resources necessary to
support the voice connection between the MO UE and the
MT UE 1n various alternative examples.

During 419, the TS TAS, detects that the SIP 183/200
message contains an audio port equal to zero (“07), and
thereafter (based upon the detected error message code “07)
initiates establishing a voice connection to a voicemail

server/service during 424. During 420 the TS TAS 1ssues a
SIP CANCEL (in the case of SIP 183 Session 1n Progress)

and an ACK {followed by a BYE (in the case of SIP 200 OK)
to the TS P-CSCF. During 421 the TS P-CSCF forwards the
SIP CANCEL/ACK-BYE to the MT UE. In response to
receiving the SIP CANCEL/ACK-BYE message, the MT
UE terminates the voice call setup. Thereatiter, during 422
the MT UE 1ssues a SIP 200 OK (for the CANCEL) to the
TS P-CSCEF. During 423 the TS P-CSCF forwards the SIP
200 OK to the TS TAS. Additionally, during 426 the MT UE
1ssues a SIP 487 (for the CANCEL) and a SIP 200 OK (for
the ACK-BYE) to the TS P-CSCF. The TS P-CSCF pro-
cesses the termination request and sends a SIP ACK (for the
SIP 487) to the MT UE during 427.

With continued reference to FIG. 4, during 424 the TS
TAS commences establishing a connection to the voicemail
server/service of the MT UE on behalf of the requestmg MO
UE. In that regard, during 424 the TS TAS 1ssues a SIP
INVITE including an SDP offer, to the TS S-CSCF. During
425 the TS S-CSCF iforwards the SIP INVITE to the

voicemail server/service for the MT UE. During 428 the

voicemail server/service processes the SIP INVITE and
returns a SIP 200 OK message to the TS S-CSCF. The SIP
200 OK message includes: an SDP answer, media descrip-
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tion and the audio port set to “XYZ”, where XYZ 1s any
valid port number/identification configured to handle the
subsequent connection of the MO UE to the voicemail
server/service for the MT UE. Thereafter, during 429 the TS
S-CSCF forwards the SIP 200 OK message to the TS TAS.
The TS TAS processes the SIP 200 OK message 1n accor-
dance with a configuration associated with the MT UE and
returns the processed SIP 200 OK message to the TS
S-CSCF during 430.

Thereafter, during 431 the TS S-CSCF forwards the
processed SIP 200 OK message to the OS S-CSCF. During
432 the OS S-CSCF forwards the recerved SIP 200 OK
message to the OS TAS. Thereatter, the OS TAS potentially
modifies the SDP Answer contained in the SIP 200 OK
message according to supplementary features, based upon
the MO UE 1dentity, before returning the (potentially modi-

fied) SIP 200 OK message back to the OS S-CSCF during
433. During 434 the OS S-CSCF forwards the potentially
modified SIP 200 OK message to the OS P-CSCF.

Importantly, the OS P-CSCF recognizes the SIP 200 OK
message as originating from the TS voicemail server/service
(see stage 428). Therefore, during 435 i1ssues a DIAMETER
AA Request message to the OS PCRF to initiate setup of a
dedicated bearer for the media supporting transmission of a
voicemail message.

In response to recerving the DIAMETER AA request
message, the OS PCRF sets up the dedicated bearer for the
voicemail message connection, and during 436 the OS
PCREF 1ssues a DIAMETER AA Answer message including
a “Diameter Success” code to the OS P-CSCF. During 437
the OS P-CSCF forwards the previously received SIP 200
OK message (originating from the voicemail server/service)
to the MO UE. The MO UE reception and processing of the
SIP 200 OK message from the voicemail server/service
cllectively completes a voicemail connection between the
MO UE and the voicemail server/service for transmission of
a voicemail message to a storage location on the voicemail
server corresponding to the MT UE.

During 438/439, the MO UE communicates a voicemail
message to the TS voicemail server/service via the TS
S-CSCF.

Thus, 1n summary of the above description, with reference
to FIG. 4, of an exemplary solution to silent teardown of a
VoL TE connection attempt described above with reference
to FIGS. 2 and 3, when a MO UE’s VoLTE request to
connect fails due to an inability to provide a bearer for an
identified media, from a user experience perspective, the
MO UE mitiated call results creating a connection between
the MO UE and the TS voicemail server/service via an
alternative bearer to the one through which a successiul
VoLTE voice connection would have been created between
the MO UE and the MT UE.

Turning to FIG. 5, a sequence diagram summarizes a
series ol operations and associated messaging transactions,
for a second improved VoLIE error condition handling
method and structure, associated with a request by the MO
UE (e.g. OS-UE 102) to establish a VOLTE connection with
the MT UE. The sequence diagram depicted in FIG. 5
includes a same set of participating elements of an originat-
ing side and a terminating side of an attempted VoLITE
connection between the MO UE and the MT UE as the
clements depicted 1n FIGS. 2 and 3. Additionally, a Voice-
mail Application Server (see FIG. 1, Vmail AS 167) supports
storing a voicemail message by the MO UE when a con-
nection cannot be established with the MT UE.

In the illustrative example provided 1n FIG. 5, the MO and
MT user equipment are, at the time of call initiation,
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connected to distinct IMS core networks (see e.g., IMS core
106). However, the request may also arise in a situation
where both the MO and MT user equipment are both
currently served by a same IMS core. Since the 1nitial stages
200-211 are the same 1n the second scenario, reference 1s
made to the discussion of stages 200-211 above with refer-
ence to FIG. 2 for the previous discussion of the initial
propagation of the VoLTE request from the MO 1n to the MT
UE.

Before continuing the discussion of FIG. 5, 1t 15 expressly
noted that the described solution applies to both the first
scenario (FIG. 2, SIP 183 Session in Progress) and the
second scenario (FIG. 3, SIP 200 OK) described herein
above. Therelore, the remaining stages are executed simi-
larly regardless of whether the response to the SIP INVITE
results 1n a SIP 183 Session 1n Progress or a SIP 200 OK
response from the MT UE.

With continued reference to FIG. 5, during 412, in
response to the TS P-CSCF issuing the SIP invite (mcludmg
an SDP offer) to the 1dent1ﬁed MT UE, the MT UE processes
the SIP invite/SDP ofler and 1ssues a SIP response to the TS
P-CSCEF. By way of example, the SIP response may be 1n the
form of a SIP 183 Session 1n Progress or a SIP 200 OK
response message.

During 413, 1n response to receiving the SIP 183/200
response message, the TS P-CSCF 1ssues a DIAMETER AA
Request to a TS PCRF to set up a dedicated bearer for an
identified media. During 414, 1n a particular error scenario
where the TS PCRF 1s unable to meet the DIAMETER AA
Request (e.g., the request by the MO UE to set up a VoLTE
connection to the MT UE cannot be fulfilled), the TS PCRF
issues a DIAMETER AA response 3002 “Unable to
Deliver’—or any other appropriate DIAMETER protocol
error code to the TS P-CSCF.

The response message (containing the error code), in turn,
causes transmission/reception of a series of cascading error/
tailure notification messages beginning at the TS P-CSCF. In
the alternative solution summarized 1n FIG. 5, the TS
P-CSCF 1s configured with a mapping between DIAMETER
response error codes and SIP error response codes (an
additional data structure that was not present/utilized in the
first solution described above with reference to FIG. 4). In
that regard, during 515 the TS P-CSCF creates a SIP 4XX
“Request Failed” error message. Even more particularly, the
TS P-CSCF creates a SIP 412 “Conditional Request Failed”
error message indicating the condition that led to the failure
to tulfill the MO UE media resource reservation request to
support a voice connection between the MO UE and the MT
UE. The choice of a SIP 412 error message code 1s 1mple-
mentation-specific and not intended to limit using a variety
of alternative connection request failure/error indication
codes 1n various alternative examples.

During 515 the TS P-CSCF forwards the SIP 4XX mes-
sage to the TS S-CSCE. The SIP 4XX message thereafter
passes, during stages 516, 517, and 518 through the TS
SCC-AS, and then to the TS TAS.

During 519, the TS TAS 1ssues an acknowledgement reply
to the TS P-CSCF (regarding the received SIP 4XX Request
Failed error message). Additionally, during 520 the TS TAS,
processes the SIP 4XX error message, and thereafter initi-
ates establishing a voice connection to a voicemail server/
service during 3525 (described herein below) based upon the
detection of the SIP 4XX error code indicative of “Request
Failed” (more particularly 412 “Conditional Request
Failed”).

During 3521 the TS P-CSCEF 1ssues a SIP CANCEL (1n the
case of SIP 183 Session 1n Progress) and an ACK followed
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by a BYE (in the case of SIP 200 OK) to the MT UE. During
522, 1n response to receiving the SIP CANCEL/ACK-BYE
message, the M T UE terminates the voice call setup, and the
MT UE 1ssues a SIP 200 OK (for the CANCEL) to the TS
P-CSCF.

Additionally, during 523 the MT UE 1ssues a SIP 487 (for
the CANCEL) and a SIP 200 OK (for the ACK-BYE) to the
TS P-CSCF. The TS P-CSCF processes the termination
request and sends a SIP ACK (for the SIP 487) to the MT UE
during 524.

With continued reference to FIG. 5, during 5235 the TS
TAS commences establishing a connection to the voicemail
server/service of the M T UE on behalf of the requestmg MO
UE. In that regard, during 525 the TS TAS 1ssues a SIP
INVITE including an SDP offer, to the TS S-CSCF. During,
526 the TS S-CSCF {forwards the SIP INVITE to the

voicemail server/service for the MT UE. During 3527 the

voicemail server/service processes the SIP INVITE and
returns a SIP 200 OK message to the TS S-CSCF. The SIP
200 OK message includes: an SDP answer, media descrip-
tion and the audio port set to “XYZ”, where XYZ 1s any
valid port number/identification configured to handle the
subsequent connection of the MO UE to the voicemail

server/service for the MT UE. Thereafter, during 528 the TS
S-CSCF forwards the SIP 200 OK message to the TS TAS.
The TS TAS processes the SIP 200 OK message 1n accor-
dance with a configuration associated with the MT UE and
returns the processed SIP 200 OK message to the TS
S-CSCF during 529.

Thereafter, during 530 the TS S-CSCF forwards the
processed SIP 200 OK message to the OS S-CSCF. During
531 the OS S-CSCF forwards the received SIP 200 OK
message to the OS TAS. Thereatter, the OS TAS potentially
modifies the SDP Answer contained in the SIP 200 OK
message according to supplementary features, based upon

the MO UE i1dentity, before returning the (potentially modi-
fied) SIP 200 OK message back to the OS S-CSCF during
532. During 533 the OS S-CSCF forwards the potentially
modified SIP 200 OK message to the OS P-CSCF.

Importantly, the OS P-CSCF recognizes the SIP 200 OK
message as originating from the TS voicemail server/service
(see stage 527). Theretfore, during 534 1ssues a DIAMETER
AA Request message to the OS PCRF to mitiate setup of a
dedicated bearer for the media supporting transmission of a
voicemail message.

In response to receiving the DIAMETER AA request
message, the OS PCRF sets up the dedicated bearer for the
voicemaill message connection, and during 535 the OS
PCRF issues a DIAMETER AA Answer message including
a “Diameter Success” code to the OS P-CSCEF. During 536
the OS P-CSCF forwards the previously received SIP 200
OK message (originating from the voicemail server/service)
to the MO UE. The MO UE reception and processing of the
SIP 200 OK message from the voicemail server/service
cllectively completes a voicemail connection between the
MO UE and the voicemail server/service for transmission of
a voicemail message to a storage location on the voicemail
server corresponding to the MT UE.

During 537/538, the MO UE communicates a voicemail
message to the TS voicemail server/service via the TS
S-CSCF.

Thus, 1n summary of the above description, with reference
to FIG. 5, of an exemplary solution to silent teardown of a
VoLTE connection attempt described above with reference
to FIGS. 2 and 3, when a MO UE’s VoLTE request to
connect fails due to an 1nability to provide a bearer for an

identified media, from a user experience perspective, the

L.L




US 10,044,553 B2

15

MO UE imitiated call results creating a connection between
the MO UE and the TS voicemail server/service via an
alternative bearer to the one through which a successiul
VoLTE voice connection would have been created between
the MO UE and the MT UE.

Having described two exemplary voicemail-based
response schemes for media resource reservation request
tailure errors arising 1n a VOLTE environment, it 1s empha-
sized that the proposed solutions, which are based upon
interception, modification and re-direction of media
resource reservation request failure error messages 1ssued by
a termination-side PCRF, are exemplary 1n nature. Notably,
in addition to redirecting a media resource reservation
request for a voice call to a voicemail service, additional/
alternative message handling services are contemplated to
handle 1nstances where an 1nitial voice call media resource
reservation request fails. Such services include: email, text
message, etc. Moreover, various systems support a configu-
ration server/service enabling users to specily a particular
one of the supported error handling modes on an 1ndividual
mobile termination user equipment basis.

Moreover, the exemplary media resource reservation
request failure handling schemes describe modification of a
telephony application server/service providing functionality
for detecting a failure to connect (3002 unable to deliver™)
error 1n a VOLTE environment. However, alternative net-
work entities may be configured to provide similar detec-
tion, modification and redirection functionality with regard
to media resource reservation request failure error messages.
Moreover, while described 1n the context of VoLTE, the
described solution 1s applicable to virtually any digital
mobile wireless voice network where a media resource
reservation request failure results 1 tearing down an
attempted connection between a MO UE and a MT UE.

Turning to FIG. 6, an exemplary set of protocol stacks are
schematically depicted for the originating user equipment
102, the radio access network (e.g., IP-CAN 104), and the
IMS core 106 servers. The various layers and components
are standard components and therefore the individual com-
ponents of the various layers/components are not described
herein as they would be well known to those skilled 1n the
art.

All reterences, including publications, patent applica-
tions, and patents, cited herein are hereby incorporated by
reference to the same extent as 1 each reference were
individually and specifically indicated to be incorporated by
reference and were set forth 1n 1ts entirety herein.

The use of the terms “a” and “an” and *“‘the” and similar
referents 1n the context of describing the mvention (espe-
cially i the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value 1s
incorporated 1nto the specification as 11 1t were imndividually
recited herein. All methods described herein can be per-
formed 1n any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
of any and all examples, or exemplary language (e.g., “such
as’’) provided herein, 1s intended merely to better illuminate
the invention and does not pose a limitation on the scope of
the mnvention unless otherwise claimed. No language in the
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specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

Exemplary embodiments are described herein known to
the 1inventors for carrying out the ivention. Varnations of
these embodiments may become apparent to those of ordi-
nary skill in the art upon reading the foregoing description.
The mventors expect skilled artisans to employ such varia-
tions as appropriate, and the inventors intend for the mven-
tion to be practiced otherwise than as specifically described
herein. Accordingly, this mnvention includes all modifica-
tions and equivalents of the subject matter recited in the
claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
in all possible varniations thereof 1s encompassed by the
invention unless otherwise indicated herein or otherwise
clearly contradicted by context.

What 1s claimed 1s:

1. A method for handling a digital voice network media
resource reservation request failure notification, 1ssued by a
call session control function, arising from a connection
request from an originating mobile user equipment to a
terminating mobile user equipment, the method comprising;:

recerving a connection request response message includ-

ing the digital voice network connection request failure
notification;
detecting a media resource reservation request failure
error condition based on the connection request
response message containing the digital voice network
media resource reservation request failure notification;

1ssuing, by a call terminating side server in response to the
detecting, a configured error response message to 1ni-
tiate an alternative message connection between the
originating mobile user equipment and a message file
service, where the message file service comprises an
interface facilitating receiving a message irom the
originating mobile user equipment to the terminating
mobile user equipment.

2. The method of claim 1 wherein the message file service
1s a voicemail service.

3. The method of claim 1 wherein the message file service
1s a text message service.

4. The method of claim 1 wherein the message file service
1s an email message service.

5. The method of claim 1 wherein the digital voice
network media resource reservation request 1s a voice over
Long Term Evolution (VoLTE) media resource reservation
request.

6. The method of claiam 35 wherein the digital voice
network media resource reservation request failure notifica-
tion 1s a Session Initiation Protocol (SIP) error code.

7. The method of claiam 5 wherein the digital voice
network media resource reservation request failure notifica-
tion 1s a Session Initiation Protocol (SIP) message including
an audio port field set to zero.

8. The method of claim 5 wherein, during the 1ssuing, the
configured error response message 1s directed to a serving
call session control function (S-CSCF) to initiate establish-
ing the alternative message connection.

9. The method of claim 1 wherein the media resource
reservation request failure notification arises from a DIAM-
ETER request.

10. A non-transitory computer-readable medium 1nclud-
ing computer-executable istructions for carrying out, on a
network node including a processor for executing the com-
puter-executable 1nstructions, a method for handling a digi-
tal voice network media resource reservation request failure
notification, 1ssued by a call session control function, arising
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from a connection request from an originating mobile user
equipment to a terminating mobile user equipment, the
method comprising:
receiving a connection request response message mnclud-
ing the digital voice network connection request failure
notification;
detecting a media resource reservation request failure

error condition based on the connection request
response message containing the digital voice network
media resource reservation request failure notification;

1ssuing, by a call terminating side server 1n response to the
detecting, a configured error response message to 1ni1-
tiate an alternative message connection between the
originating mobile user equipment and a message {file
service, where the message file service comprises an
interface {facilitating receiving a message from the
originating mobile user equipment to the terminating
mobile user equipment.

11. The non-transitory computer-readable medium of
claiam 10 wherein the message file service 1s a voicemail
service.

12. The non-transitory computer-readable medium of
claim 10 wherein the message file service 1s a text message
service.

13. The non-transitory computer-readable medium of
claim 10 wherein the message file service 1s an email
message service.

14. The non-transitory computer-readable medium of
claim 10 wherein the digital voice network media resource
reservation request 1s a voice over Long Term Evolution
(VoL TE) media resource reservation request.

15. The non-transitory computer-readable medium of
claim 14 wherein the digital voice network media resource
reservation request failure notification 1s a Session Initiation
Protocol (SIP) error code.

16. The non-transitory computer-readable medium of
claim 14 wherein the digital voice network media resource
reservation request failure notification 1s a Session Initiation
Protocol (SIP) message including an audio port field set to
ZEro.

17. The non-transitory computer-readable medium of
claim 14 wherein, during the 1ssuing, the configured error
response message 1s directed to a serving call session control
function (S-CSCF) to mitiate establishing the alternative
message connection.

18. The non-transitory computer-readable medium of
claam 10 wherein the media resource reservation request
tailure notification arises from a DIAMETER request.

19. A mobile wireless data network telephony application
server (TAS) node configured to operate 1n a mobile wireless
network environment, the TAS comprising:
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a processor; and
a non-transitory computer readable medium including
computer-executable instructions, that when executed
by on the processor, carry out a method for handling a
digital voice network media resource reservation
request failure notification, 1ssued by a call session
control function, arising from a connection request
from an originating mobile user equipment to a termi-
nating mobile user equipment, the method comprising:
receiving a connection request response message
including the digital voice network connection
request failure notification;
detecting a media resource reservation request failure
error condition based on the connection request
response message contaming the digital voice net-
work media resource reservation request failure noti-
fication;
1ssuing, by a call terminating side server in response to
the detecting, a configured error response message to
imitiate an alternative message connection between
the originating mobile user equipment and a message
file service, where the message file service comprises
an interface facilitating receiving a message from the
originating mobile user equipment to the terminating
mobile user equipment.
20. The TAS of claim 19 wherein the message file service
1s a voicemail service.
21. The TAS of claim 19 wherein the message file service
1s a text message service.
22. The TAS of claim 19 wherein the message file service
1s an email message service.
23. The TAS of claim 19 wherein the digital voice
network media resource reservation request 1s a voice over
Long Term Evolution (VoLTE) media resource reservation

request.
24. The TAS of claim 23 wherein the digital voice

network media resource reservation request failure notifica-
tion 1s a Session Initiation Protocol (SIP) error code.

25. The TAS of claim 23 wherein the digital voice
network media resource reservation request failure notifica-
tion 1s a Session Initiation Protocol (SIP) message including
an audio port field set to zero.

26. The TAS of claim 23 wherein, during the 1ssuing, the
configured error response message 1s directed to a serving
call session control function (S-CSCF) to initiate establish-
ing the alternative message connection.

27. The TAS of claim 19 wherein the media resource
reservation request failure notification arises from a DIAM-
ETER request.
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